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Preface 




Programmable Array Logic (PAL) devices are fuse programmable logic building blocks capable of implementing complex, 
high performance functions which combine the architectural flexibility of a custom design with the instant availability, mul¬ 
tiple sourcing and low cost of standard off-the-shelf products. 

Early uses of PALs were predominantly as simple SSI and MSI replacement functions where standard TTL catalog items 
resulted in inefficient multiple package solutions. PALs provided a denser, faster, lower power and lower cost implementa¬ 
tion. As designers learned to exploit the freedom of structuring their own components for a specific application, more innova¬ 
tive and efficient uses of fuse programmable logic began to emerge. Today a single PAL package is frequently employed to 
create functions that would require hundreds of conventional TTL gates. 

Advanced Micro Devices is the world’s largest merchant supplier of TTL compatible Bipolar LSI Logic and memory products. 
This has been achieved by implementing innovative, high performance LSI functions with advanced process technologies, 
such as IMOX™ oxide isolation and ultra-reliable platinum-silicide fuse structures, and supporting them with dedicated high 
volume manufacturing facilities. These same capabilities have now been applied to fuse programmable logic devices. The 
result is a line of PAL components offering industry leading performance, programming yields, quality guarantees and func¬ 
tional flexibility. 

The AmPAL22V10, introduced in this book, represents a new generation of flexible architecture, fuse programmable logic 
products. Other, even more advanced, devices are in development based on the greater density and improved performance 
characteristics of new bipolar technologies. These will insure that programmable logic devices will continue to grow in impor¬ 
tance as primary building blocks for advanced high performance systems. 

This handbook is intended as an introduction to fuse programmable logic devices as well as a resource manual for experi¬ 
enced designers. If you require additional information on any of the products described in this book or our future pians in this 
area, please call your local Advanced Micro Devices Sales Office. 


David A. Laws 
Managing Director 
Programmable Logic Products 




“The VAX-11/730’s circuit design is based on the use of 
PALs, which have helped reduce board area for the 
CPU by a factor of four and halve component costs, as 
compared with equivalent performance MSI." 

David A. Carlson and 
Robert P. Morin 
Digital Equipment Corporation 
Electronics/OcXober 6,1982 


“As time went on, however, it became clear that West 
had made the right choice; PALs really were the chip 
of the future.” 

Tracy Kidder 

Referring to the Data General 32-bit 
Eclipse MV8000 (Eagle) in 
The Soul of a New Machine 
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Advanced PALs 



Features of PALs 

• User customizable, high performance logic 
building blocks 

• Custom logic patterns may be generated in 
minutes with PROM type programmers 

• Easy to use software design aids available 
(PALASM) 

• Improves performance and reduces board area 
and cost of existing TTL SSI/MSI designs 

• Aids creation of new system architectures 
through interactive design techniques 

• Security fuse prevents copying of logic by 
competitors 

• Slim 20 and 24-pin DIP packages 


Advantages of AMD PALs 

• IMOX oxide isolated technology insures 
industry’s fastest (12ns typ) “A” versions 
and fastest half-power (24ns typ) “L” versions 

• Platinum-silicide fuses and added test words 
insure programming yields > 98% 

• Reliability assured through more than 40 billion 
fuse hours of life testing with no failures 

• Full AC and DC parameter testing at the 
factory through on-board testing circuitry 

• Preload feature permits full logical verification 
at the device level 

• Power-up reset simplifies state machine design 

• Industry leading quality guarantees 


AMD PAL Speed/Power Families 


Family 

tpd 

ns (Max) 

tsd) 

ns (Max) 

tco<’> 
ns (Max) 

mA (Max) 

'OL 

mA (Min) 

High Speed, "A” 

25 

20 

15 

155 

24 

Standard 

35 

30 

25 

155 

24 

Half Power, “L” 

35 

30 

25 

80 

24 


(1) Sequential functions. 

(2) Combinatorial functions. 


AMD PAL FUNCTIONS 


Part 

Number 

Array 

Inputs 

Logic 

OE 

Outputs 

Package 

Pins 

16R8 

Eight Dedicated 
Eight Feedback 

Eight 8-Wide AND-OR 

Dedicated 

Registered Inverting 

20 

16R6 

Eight Dedicated 

Six Feedback 

Two Bidirectional 

Six 8-Wide AND-OR 

Dedicated 

Registered Inverting 

20 

Two 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

16R4 

Eight Dedicated 
Four Feedback 
Four Bidirectional 

Four 8-Wide AND-OR 

Dedicated 

Registered Inverting 

20 

Four 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

16L8 

Ten Dedicated 

Six Bidirectional 

Eight 7-Wide AND-OR-INVERT 

Programmable 

Six Bidirectional 

Two Dedicated 

20 

16H8 

Ten Dedicated 

Six Bidirectional 

Eight 7-Wide AND-OR 

Programmable 

Six Bidirectional 

Two Dedicated 

20 

16LD8 

- 1 

Ten Dedicated 

Six Bidirectional 

Eight 8-Wide AND-OR-INVERT 

- 

Dedicated 

20 

16HD8 

Ten Dedicated 

Six Bidirectional 

Eight 8-Wide AND-OR 

- 

Dedicated 

20 

22V10 

Twelve Dedicated 
Ten Bidirectional/ 
Feedback 

Ten 12 (Average)-Wide AND-OR/ 
AND-OR-INVERT 

Programmable 

Ten Bidirectional/Registered 
Programmable Polarity 

24 


vii 
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Section 1 


Introduction to 
Programmable 
Array Logic 


Features of Programmable Array Logic 
Advantages of AMD Programmable Array Logic 

A Comparison Between Programmable Logic and Other Logic Alternatives 
An Introduction to Programmable Logic Architecture 
PALs Aid High Performance 32-Bit CPU Design 





Features 
of Programmable 
Array Logic 

Flexibility 


High Performance 


Design Optimization 

Programmable logic removes constraints placed on the 
designer by the available selection of fixed-function TTL 
SSI/MSI parts. If a desired function does not exist, the 
designer may need to use a large number of packages 
to generate it. With PALs, the designer can create a 
customized part for a specific application. 

Faster Design Cycle 

Programmable logic offers a way to reduce design 
cycle time. In a typical top down design, rather than 
determining the specific logic required for a function 
immediately, the designer can simply specify that a 
programmable logic device will be used. This allows the 
architecture and interface between logic blocks to be 
defined before the specific details of each logic block are 
specified. The individual logic blocks can then be 
designed with a minimum number of iterations. 

Simple Prototyping and Debugging 

Programmable logic greatly reduces the costs and time 
consuming effort associated with system design changes. 
Any changes because of logic errors or revisions in 
product specification may be easily implemented by 
reprogramming the device instead of rewiring or relaying 
out a board or making a new mask for a gate array. 

Optimized Design 

System performance can be increased through the use 
of programmable logic. The designer has the freedom 
to optimize an architecture by tailoring programmable 
devices to implement it precisely. Thus a design may be 
implemented in the most efficient manner, frequently 
increasing performance. 

Reduced Delay 

When a logic function is implemented in multiple SSI/MSI 
packages, the total delay incurred includes the time 
required for several on and off chip buffers. When the 
same function is implemented in a single programmable 
logic element, the delay per logic gate is reduced. 


1-1 



Low Cost 


Reduces Board Space 

PAL devices available today can provide losic complexity 
equivalent to 300 TTL gates. Implementing a design in 
programmable logic can therefore significantly reduce 
the board space or the number of boards necessary to 
implement a given function. This results in lower system 
cost, or alternatively, the ability to provide more function 
in the same enclosure. 



PAL Control Logic Fits One Megabyte of RAM onto a Single 
MULTIBUS Board (Am971024B) 


Reliability 


Reduces Inventory Cost 

Programmable logic can be used to replace more than 
90% of standard TTL parts. This allows the user to reduce 
his inventory from hundreds of different TTL devices to 
just a few programmable logic device types. This simplifies 
inventory requirements as well as easing purchasing 
procedures. 

Reduced Parts Count 

Compared to standard TTL SSI/MSI, programmable logic 
reduces the number of packages necessary to implement 
a given function. In some cases, an entire PC board can be 
eliminated. This results in increased reliability. 

Reduced Interconnections 

The least reliable portions of a digital system are the 
connections between integrated circuit devices. 
Reducing the number of packages reduces the number 
of external connections and therefore improves the 
reliability. 
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Support 


Design Security 


PALASM 

Programmable logic designs may be executed through 
an easy to use software design tool called PALASM. The 
user inputs the desired logic equations and PALASM 
automatically generates the fuse programming information. 
The input file, called a PAL DESIGN SPECIFICATION, provides 
excellent documentation on each design. The output may 
be downloaded to a wide variety of low cost logic 
programmers. Logic simulation capabilities are provided in 
PALASM to help the designer verify the logic design. The 
output of the simulator can also be used to test a 
programmed device. 

By programming a special “security fuse", the user 
can disable the fuse verify logic circuitry. This prevents 
unauthorized duplication of the device, while not 
interfering with the part’s logic functionality. This makes 
programmable logic ideal for any application where 
design security is essential. 
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Advantases of 
AMD Programmable 
Array Logic 

Improved Performance 


IMOX 

The AMD PAL family is manufactured usins Advanced 
Micro Devices’ IMOX advanced oxide isolation process. 
IMOX, which has been in production for many years on 
hish performance bipolar LSI devices such as the Am2900 
family, insures the best speed/power performance PALs 
available in the industry. 

Higher Speed— “A” Versions 

The use of IMOX technology insures high yields and 
therefore predictable availability of the high speed “A” 
versions of PALs. Worst case input to output delay of 25ns 
is specified with typical performance in the 10ns to 12ns 
region. New generations of IMOX will provide even faster 
guarantees. 

Half Power—‘L” Version 

A new family of half-power PALs, designated “L” versions, 
provides standard 35ns maximum delays and full 24mA 
drive capability at half the standard power. Half power 
PALs will directly replace standard and early (- 2) low 
power functions while enhancing system reliability and 
performance. 

In addition, AMD standard and high speed "A” 
combinatorial PALs, are specified at more than 20% lower 
power dissipation than other manufacturer’s devices. 


60 


50 


ORIGINAL Vi POWER PAL 
(lOL =8mA) 

O 


20 PIN, COMBINATORIAL PAL 
MAXIMUM SPECS 
COMMERCIAL DEVICES 


40 


U) 



20 



AMD IMOX 

ORIGINAL 

1 

n 

AMD IMOX 

Vi POWER PAL 

STANDARD 

PAL 

n -•— 

STANDARD 

--O 

(lOL =24mA) 

n -•— 

-O 


AMD IMOX 

ORIGINAL 


“A” 

“A” 


PAL 

PAL 



100 140 

Ice (mA) 


180 
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Flexibility 


Full Test Capability 


Enhanced Line (20-pin) 

In addition to the popular hish volume 20-pin PAL devices, 
Advanced Micro Devices offers three additional functions. 

AmPAL16H8 is an active HIGH version of the 
AmPAL16L8. These parts together provide the 
capability of implementing logic with either active 
HIGH or active LOW outputs. Switching logic 
equations from one polarity to another can achieve a 
significant reduction in product term usage. The 
AmPAL16H8 can functionally replace all other active 
HIGH 20-pin PALs. 

AmPAL16LD8 is an active LOW device implemented 
with dedicated outputs to increase the number of 
logical product terms to 8 per output. 

AmPAL16HD8 is an active HIGH version of the 
AmPAL16LD8. These two functions give the capability 
of creating a wider range of functions in a single PAL. 

Enhanced Line (24-pin) 

The AmPAL22V10 is a 24-pin device which will allow the 
user to program the architecture. Each of the 10 outputs 
may be registered or combinatorial, active HIGH or active 
LOW. Variable product term distribution will permit 
between 8 and 16 logical product terms per output for a 
total of 120. This device provides a new standard of 
flexibility in PAL functions. 

Powcr-up Reset 

The registered devices in the AMD PAL family are designed 
to reset during system power-up. All registers will be set 
to zero, setting all the outputs to ones. This feature is 
especially valuable in simplifying state machine 
initialization. 

Special Test Circuitry 

All AMD PALs include special test circuitry to allow thorough 
AC and DC testing of unprogrammed units prior to shipment. 
The test circuitry is used to insure good programming yield 
and to verify that devices will meet all parametric and 
switching specifications after programming. 

Programmability Testing 

Programming circuitry testing includes tests to assure 
unique addressing of all fuses. The ability of circuitry in 
the programming path, to handle the large currents and 
voltages necessary to blow fuses, is also checked. 

Special probing pads, high threshold voltage circuitry and 
test fuses are employed in programmability testing. This 
testing coupled with the platinum silicide fuse structure 
gives industry leading programming yields (>98%) for all 
AMD PALs. 
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Reliability 


Design Aid Software 


DC Functional Testing 

Special test circuitry, enabled by means of high voltage 
signals, checks functionality and DC parameters under 
conditions that simulate post programming operation. All 
circuitry and levels that can be involved in operation after 
programming are checked under worst case conditions. 

For example, all input buffers are tested for functionality 
by switching them through a special path to a single 
output. All product term AND gates are switched and 
sensed for uniqueness and functionality. 

AC Testing 

Similar special test circuitry permits AC switching delays 
through worst case paths to be measured. This provides a 
means to guarantee AC specifications under worst case 
power supply and loading conditions. 

PRELOAD for Logic Verification 

AMD PALs provide the capability of loading the output 
registers of a PAL to any desired value during testing. 
PRELOAD is the only way to allow full logical verification of 
programmed registered PALs and thus guarantee correct 
logical functionality. Without PRELOAD, many device 
failures cannot be discovered until the device is tested as 
a part of the finished system. 

High Programming Yield 

The proven platinum silicide fuse structure used for many 
years in AMD PROMs is also applied to PALs. This insures 
that AMD PALs consistently achieve better than 98% 
programming yields. 

High Reliability 

This same fuse technology has demonstrated an excellent 
reliability history. Zero fuse failures have been generated 
in over 40 billion fuse hours of life testing. 

PALASM 

The AMD PAL family is supported by an upgraded version 
of the PAL Logic Equation Assembler, PALASM. Known as 
AMPALASM20, this design aid software provides error 
checking and recovery features and the JEDEC 
Programmable Logic Data Transfer Format output 
capability. Advanced Micro Devices provides 
AMPALASM20 on an 8 inch CP/M floppy disk for the AMD 
System 8 and 29, and other popular computer systems. 
Advanced Micro Devices is committed to providing the 
continuing support necessary for programmable logic as 
new, faster and more complex devices become available. 
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A Comparison Between 
Programmable Logic and Other 

Logic Alternatives 


Today’s logic designer can choose from a wide variety of im¬ 
plementation alternatives. These can be classified into three 
basic categories: dedicated general purpose devices (here¬ 
after called standard products), fuse programmable logic 
and custom integrated circuits (Figure 1). 

Standard product architectures are defined by the IC 
manufacturer for a wide market and cannot be altered by the 
user. Examples of standard products are fixed instruction set 


MOS microprocessors, microprogrammable LSI building 
blocks, and TTL and CMOS SSI/MSI devices. Custom logic on 
the other hand, is defined by the user for his application. Pro¬ 
grammable logic devices fit between standard products and 
custom logic. The IC manufacturer defines an architecture 
that a user can program in his facility by blowing appropriate 
fuses to fit his specific application. PALs, PLAs and PROMs 
are examples of programmable logic. 



GATE 

ARRAYS 


STANDARD CELLS 
HANDCRAFTED DESIGNS 


Figure 1. Basic Categories of Digital Logic 
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Each of these three design alternatives offers distinct advan¬ 
tages and disadvantages in terms of cost, availability and ar¬ 
chitectural flexibility. Many system designs today, such as 
the controller board in Figure 2, incorporate all three of the 
design approaches to some degree. However, in order to 
evaluate which type is best suited for a particular function, 
this review will consider each approach on a stand-alone 
basis. 

DEDICATED GENERAL PURPOSE DEVICES- 
STANDARD PRODUCTS 

There are five main advantages of standard products. They 
require little 1C engineering expertise by the user, provide 
lowest cost for an individual device, usually have the best ap¬ 
plication support, provide the maximum logic density per 
device and are available off-the-shelf with no development 
lead time. 

Development engineering effort at the 1C level is minimal 
compared to the custom or programmable alternatives. The 
responsibility for design, test, and debugging is borne by the 


integrated circuit manufacturer. Because the integrated cir¬ 
cuit manufacturer is doing this on a large scale, the process 
is very efficient. The engineering time and investment saved 
by the standard product user can be utilized to do design 
work that is more directly profitable and in his realm of 
expertise. 

Standard products achieve a cost reduction on an individual 
device basis because they are high volume products. This 
volume results in lower manufacturing cost and thus lower 
price per unit. The increased competition encouraged by 
alternate sourcing products also results in lower cost. 

The design support available for standard products is far 
greater than that for custom or programmable devices. Ap¬ 
plication software (assemblers, simulators), hardware 
(emulators) and literature (manuals, books, application 
notes) make them easier to design with. Since standard prod¬ 
ucts reach a much larger market, the engineering effort 
necessary to provide this support can be spread over a large 
number of units, reducing the cost. When a custom or pro¬ 
grammable logic device is used, this support must be devel¬ 
oped by the engineer doing the design. 


iipojiL... 

". 







Figure 2. Using PALs for state machines, a gate array for error correction, and standard products 
including a DMA controller chip, and an 8085 microprocessor, Data Systems Design 
squeezes hard-disk, floppy-disk, and mag tape controllers onto one board. (7215 
Controller Board) Photo Courtesy of Data Systems Design, Inc. 
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Standard products are optimized for high voiume production. 
The density of iogic functions is therefore generaily much 
greater than on custom iogic (when impiemented with gate 
arrays) or programmabie iogic devices. A fixed instruction 
set microprocessor or microprogrammabie buiiding block 
duplicated with gate arrays or programmable logic devices 
would take several packages compared to the single dedi¬ 
cated device. 

The three potential disadvantages of standard products are 
non-optimality, higher system cost and lack of unique feature 
advantages. A standard product, by the very nature of its 
generality, is not ideal for anyone. It includes too much func¬ 
tionality for some applications and not enough for others. 
The architecture is seldom ideal for a particular application. 
Standard products also offer a limited performance selec¬ 
tion. 1C manufacturers pick a specific performance level aim¬ 
ing at as large a market as possible. 

Due to the general purpose nature of standard products, it is 
difficult to achieve the lowest package count solution. Addi¬ 
tional components are required to tailor the function to fit a 
specific need. Even though individual devices may be lower 
in price, more of them must be used, raising the cost for the 
total system when considering the additional PC boards, 
testing, power supplies, fans, etc. 

Another disadvantage of standard products is the lack of 
competitive features and advantages. Anyone can buy them 
so it is difficult to differentiate one system supplier’s hard¬ 
ware from another. 

CUSTOM LOGIC DEVICES—GATE ARRAYS 

Custom logic, predominantly in the form of gate arrays today, 
offers the system designer important advantages over stand¬ 
ard products. Compared to SSI/MSI implementations, re¬ 
duced package count is of paramount importance. Standard 
LSI products provide the same benefit but force the designer 
to use a specific architecture. Custom logic allows the 
designer to implement his own architecture exactly. This 
freedom to develop innovative solutions to an applications 
problem can add a significant competitive advantage to a 
product. 

The four main disadvantages of gate arrays are increased 
engineering effort, higher cost per individual device, lack of 
high level support tools and lower density compared to 
standard LSI products. Engineering effort for a gate array can 
significantly increase the cost of a system design. Not only 
must the system be designed, but the custom devices them¬ 
selves must be designed, debugged and put into production. 
Both design tasks, chips as well as system, take similar 
amounts of engineering resources, possibly doubling the 
design effort and investment. Because of the lack of a com¬ 
petitive market (minimum second sourcing), custom logic 
devices can end up being substantially more expensive. Only 


if the complete system solution can be optimized will the 
total cost be reduced. Another factor to be considered is the 
chance of design problems with a custom device. If extra 
iterations are necessary, or even worse a bug is discovered 
after a product has been released, correcting the problem 
can take several months or even years. These potential costs 
are difficult to estimate and have virtually no limit. 

The third disadvantage of custom logic is the lack of high 
level support. Semiconductor manufacturers cannot provide 
significant support in the form of software, development 
systems, application notes, or books for a custom logic 
design because each device is different. The designer must 
document the design fully and provide enough support for 
the system engineer to utilize the device correctly. 

Finally, a key disadvantage of gate arrays is the reduced 
density and therefore higher silicon cost compared to a dedi¬ 
cated general purpose device. They are designed by repeating 
a common loosely packed structure, leaving wide channels for 
the metal interconnect. For a given set of design rules a gate 
array will typically require two to five times the silicon area for 
the same gate count. 

PROGRAMMABLE LOGIC DEVICES 

Programmable logic combines the advantages of the flexible 
architecture of a custom design with the off-the-shelf 
availability and reduced investment—engineering time and 
device cost—of a standard product. 

Programmable logic has the fastest design cycle time of any 
form of custom logic. Instead of months, or years, as with 
semicustom or full custom designs, a programmable logic 
element can be defined by programming the fuses on a blank 
device. This process takes only seconds. This fast turn¬ 
around time allows a revolutionary interactive approach to 
system design. The engineer can try out a new architectural 
approach and evaluate it very quickly. If it does not work, a 
new idea can be defined, programmed and ready to evaluate 
in hours. The speed with which a new design approach can be 
explored and evaluated creates a design environment that 
enhances innovation. 

Programmable logic devices share the same economics of 
high volume production as standard products and other user 
customizable integrated circuits such as PROMs, EPROMs 
and EEPROMs. As the manufacturer produces identical 
blank elements by the millions of units per year, low costs 
can be achieved. This volume market attracts multiple ven¬ 
dors and encourages price competition, as well as provides 
alternate parallel construction source security. The cost ad¬ 
vantages of a standard product are retained with program¬ 
mable logic devices, but as parts are customized, system 
designs may be differentiated frorn the competition. In fact, 
truly innovative designs are even patentable, further protect¬ 
ing a design from the competition. 
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An Introduction to 
Programmable 
Logic Architecture 


Programmable array logic (PAL) devices have many fea- AND functions on the inputs and then outputs these func- 

tures in common with programmable read-only memory tions to the second level, the OR array. The OR array com- 

(PROM) and programmable logic array (PLA) devices. All bines various AND functions together producing the desired 

three share the same basic internal AND-OR structure, but (AND-OR) outputs. This structure makes programmable 

vary in allocation of logic features and amount of program- devices ideal for implementing logic in Booiean sum-of- 

mability. Figure 1 shows the basic AND-OR structure of pro- products form which is easily generated using logic design 

grammable devices. It consists of two levels; the first is the techniques such as Karnaugh maps. 

AND array which accepts inputs, performs the desired 


INPUTS 



OUTPUTS 03862A-6 


Figure 1. Basic Programmable Logic Array Architecture 


M3 




Figures 2 and 3 depict the rules for understanding the notation 
commoniy used in logic diagrams to describe programmable 
logic devices. Figure 2 shows the technique for describing an 
AND array. Aii array inputs (true and complement of each 
device input) are shown connecting to a single input AND- 
gate. In reality, each array input is an input to the AND-gate. 
Thus an N-input device wili have AND-gates with 2N inputs. 
For example, the AmPAL16L8 has sixteen inputs and 
therefore each of its sixty-four AND-gates has thirty-two in- 
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Figure 2a. Programmable AND Array 
Logic Diagram Notation 


puts! In a programmable AND array each row and column in¬ 
tersection, as shown in Figure 2, represents a fusible input 
connection to the AND-gate. Thus, to create an AND func¬ 
tion, the fuses associated with undesired inputs must be 
blown. Figure 3 shows the technique for describing an OR ar¬ 
ray. All of the rules for the OR array are the same as for the 
AND, except that an OR function is being implemented in¬ 
stead of an AND. 



Figure 2b. Programmable AND Array 
Logic Equivalent 


PROGRAMMABLE 



Figure 3a. Programmable OR Array 
Logic Diagram Notation 



Figure 3b. Programmabie OR Array 
Logic Equivalent 
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PROM ARCHITECTURE DESCRIPTION 


Figure 4 shows the basic architecture of a PROM using the 
notation of Figures 2 and 3. The PROM shown has three in¬ 
puts, eight memory iocations (AND-gates), and four outputs. 
The important feature of the PROM architecture, as far as 
programmabie iogic is concerned, is that the inputs are fully 
decoded by a fixed AND array which drives a programmable 
OR array. This means that every combination of inputs is 
represented by a separate AND-gate. Since there are 2'’ com¬ 
binations possibie from n inputs, there are 2'^ AND-gates in a 
PROM. For exampie, the PROM of Figure 4 has three inputs 
and because 2^ is eight, there are eight AND-gates in Figure 4. 

By programming the OR array for a given output, as desired, 
the PROM can implement any logic function limited only by 
the number of inputs available. A separate, independent 
logic function can be implemented for each device output. 

The limitation of PROMs in performing logic functions is 
their inability to provide the number of inputs and outputs 
that logic functions need. PROMs have a fixed number of in¬ 
puts and a fixed number of outputs. For example, a 1Kx8 
PROM hasten inputs,tofullydecode 1Klocations(remember 
that’s 1024 fixed AND-gates!), and eight outputs (some 
PROMs have only four outputs). Unfortunately, logic func¬ 
tions don’t come with fixed numbers of inputs and outputs. 
This means that a logic function requiring a total number of 


inputs and outputs that is less than a device offers may not fit 
because it requires an allocation of inputs and outputs that 
doesn’t fit the fixed PROM architecture. A function requiring 
eleven inputs and five outputs would not fit into the previ¬ 
ously mentioned 1K x 8 PROM, despite requiring fewer total 
inputs and outputs than the device offers. 

Typical logic functions can easily have up to sixteen inputs 
which would require a PROM with 64K locations. Few 
designs could utilize 64K AND-gates. Typical output func¬ 
tions don’t always come in four or eight bits. Data path func¬ 
tions tend to be wider than the path itself because functions 
such as parity bits, ripple carrys, and serial inputs and out¬ 
puts are usually required in addition to the data inputs and 
outputs. Thus four or eight bit data path functions would not 
be well served by PROMs. 

Control path functions, such as state machines, can quickly 
use up both inputs and outputs. Using a PROM with a register 
on the outputs as a state machine requires both logical in¬ 
puts and state feedback inputs, while also requiring state 
feedback and control outputs (see Figure 5). Note that the 
feedback inputs and outputs are tied together using up an in¬ 
put and output pin for each bit of state information. Thus, 
when a large number of states are required, few precious in¬ 
put and output pins are left over. 
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Figure 4. PROM Array Structure 


Figure 5. Registered PROM State Machine 






PAL ARCHITECTURE DESCRIPTION 


The array architecture of a PAL is shown in Figure 6. The PAL devices contain many additional architectural features 
basic PAL structure is exactly the opposite of a PROM; the which make them ideal for implementing logic functions. 

AND array is programmable and the OR array is fixed. This These features include programmable I/O pins, outputs with 

immediately removes the restriction that for n inputs there registers that internally feedback to the AND array, and ac- 

are 2" AND-gates. There are six inputs to the PAL array of tive HIGH or active LOW outputs. Programmable I/O pins 

Figured, but only eight AND-gates. Thus one of the key ineffi- allow the PAL device to be tailored to fit the required alloca- 

ciencies of a PROM is removed, allowing PALs to have as tion of inputs and outputs. Thus PALs effectively remove the 
many inputs as needed. The fixed OR array of a PAL dedi- limitation of inputs and outputs. This allows PALs to imple- 

cates which OR-gate a particular AND-gate will input to. In ment far more different and complex logic functions than a 

Figure 6, two AND-gates are dedicated to each OR-gate in the PROM (even one with more pins). Registered outputs with in¬ 
array. This is the only limitation of PAL devices: the number of ternal feedback give PALs the capability to implement state 

AND-gates required by an equation may not exceed the machines efficiently. Device inputs need not be sacrificed as 
number provided. feedback inputs as in the PROM. PALs also provide active 

HIGH or active LOW capability. 


Is I 4 I 3 I 2 ii lo 
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Figure 6. PAL Array Architecture 
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AND-OR gate.This is especially useful in control applications 
(microprocessor handshaking protocols) and bus oriented 
data operations (data steering and data storage/manipula¬ 
tion). A serial input/output pin is a common example. When 
left shifting the pin may be a serial input, but when right shift¬ 
ing the pin would be a serial output. This mode provides max¬ 
imum utiiization of the PAL architectural resources. 

A logic diagram for one of the registered outputs of a PAL 
device is shown in Figure 8. The most important features of 
this structure are the feedback path and the dedicated output 
enable. This output enable is common to ali registers on the 
chip. The output register is fed-back into the array internally 
instead of from the output pin as in the combinatorial part. 
This configuration is more usefui because state information 
is available at all times instead of only when the output is 
enabled, simplifying state machine design. 

The availability of a common, dedicated output enable 
makes registered PAL devices ideal for bus oriented sys¬ 
tems. The registered PAL can be programmed to provide data 
storage, operation, or steering functions, the result of which 
is placed on a data bus by enabling the output buffer. Since 
all PAL outputs have 24mA current sinking capability, they 
can drive most on-board buses and many backplane buses. 

PROGRAMMABLE 



Figure 7a. Active LOW Bidirectional Output 


PROGRAMMABLE 



Logic diagrams for the bidirectional output structures of the 
PAL devices are shown in Figure 7. One feature of the PAL 
bidirectionai output is the ability to program the output 
enable as a function of an AND-gate in the array. The output 
buffer may be programmed in one of three ways; as a dedi¬ 
cated output, a dedicated input, or a dynamically control¬ 
lable input/output. 

When programmed as a dedicated output, the output buffer 
is always enabled and the logic function is fed-back to the 
AND array. The feedback path allows more complex logic 
functions to be implemented by using two or more levels of 
AND-OR gating. 

When programmed as a dedicated input, the AND-OR gate 
associated with that pin is unused, but an extra input has 
been created. This ability to trade-off outputs for inputs is 
one of the big advantages of PALs over other programmable 
logic devices. The designer isn’t limited to a fixed number of 
input and output pins. The ratio may be programmed to fit the 
intended application. 

Finally, when programmed as a dynamically controllable 
input/output buffer (i.e., enabled/disabled by a logical com¬ 
bination of one or more inputs) this pin may be utilized as an 
input, as well as retaining the full logical capability of the 


Figure 7b. Active HIGH Bidirectional Output 
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Figure 8. Registered Output 
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Figure 9 shows the active LOW and active HiGH versions of 
PAL dedicated outputs. The outputs are always enabled. The 
AND-gate previously used for this function provides an extra 
logical AND term in this structure. This brings the total 
number of AND-gates per output to eight. The feedback path 
from output to input is still provided, allowing for imple¬ 
mentation of multi-level logic. The extra AND-gate makes 
these outputs ideal for non-bus oriented logic replacement, 
especially complex control signal generation, encoding and 
decoding. 


AMD 20-PIN PAL ARCHITECTURE 

The AMD 20-pin PAL family is based on an array of over 2000 
platinum-silicide fuses. These provide the logical equivalent 
of sixty-four, 32-input programmable AND-gates. The array 
outputs feed eight, 8-input fixed OR-gates plus associated 
I/O and feedback circuitry. Each device type has a unique 
organization of these I/O components, optimized for specific 
functional applications. 


As any logical function can be expressed in an AND-OR, sum- 
of-products form, these basic elements can be programmed 
to satisfy a wide variety of complex custom logic require¬ 
ments. Where a system architecture has been created 
around this PAL structure, single 20-pin packages have been 
used to perform functions that would each require over 300 
equivalent TTL gates. 

A typical member of the AMD 20-pin PAL family, the 
AmPAL16R4, is shown in Figure 10. This device has 16 
available inputs to the fuse programmable array. Eight of 
these are dedicated inputs_(pin numbers 1 through 9), four are 
feedback paths from the Q outputs of the on-board registers 
and four are via the bidirectional input/output ports (pin 
numbers 12,13, 18 and 19). It contains four 8-wide AND-OR 
structures with inverting registered outputs, each AND-gate 
having 32 inputs. As half of the inputs are true and the other 
half complementary, only sixteen of them have effective 
logical value. A common three-state output enable line 
serves all four registered outputs. Four more 7-wide AND-OR- 
INVERT structures have combinatorial outputs with three- 
state output enables that are programmable through the fuse 
array. 
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Figure 9a. Active LOW Dedicated Output 
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Figure 9b. Active HIGH Dedicated Output 
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INPUTS (0-31) 



16 Array Inputs 
—8 Dedicated 
—4 Registered Feedback 
—4 Bidirectional I/O 


• 4 8-Wide AND-OR Structures 

—Registered, inverting Outputs with Common, Dedicated Output Enabie 

• 4 7-Wide AND-OR-INVERT Structures 

—Combinatorial Outputs with Programmable Output Enables 


Figure 10. Logic Diagram of AmPAL16R4 











AMD 24-PIN PAL PROGRAMMABLE LOGIC 
STRUCTURE 

Anew 24-pin device, the AmPAL22V10, aiiows progrannming 
of the logicai function of each output separateiy to aliow the 
user to select the preferred output structure. The basic out¬ 
put structure, or “macrocell”, is shown in Figure 11 along 
with diagrams of the different output configurations. The 


different configurations are bidirectional/active LOW, 
bidirectional/active HIGH, registered/active LOW, and regis¬ 
tered/active HIGH. Thus the AmPAL22V10 can be architec¬ 
turally optimized, as well as input and output optimized (as in 
the 20-pin family), to fit the particular logic function precisely. 



AmPAL22V10 Output Logic Macrocell 
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Figure 11 
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PLA ARCHITECTURE DESCRIPTION 


The array architecture of a PLA is shown in Figure 12. The 
PLA allows both the AND array and the OR array to be pro¬ 
grammed. This gives the PLA additional logic capability over 
both PROMs and PALs. PLAs can be designed to incorporate 
the same advantages over PROMs as do PALs. PLA devices 
can include the same logic features which reduce limitations 
of too few inputs, the allocation of inputs vs outputs, reg¬ 
istered feedback, or output polarity, although few com¬ 
mercially available devices actually implement them. The 
programmable OR array allows AND-gates to be tied to OR- 
gates, as desired, by programming. Logic functions are 
limited by the total number of AND-gates allocated to all out¬ 
puts instead of by the AND-gates allocated to a particular 
OR-gate (as in a PAL). Thus if a logic function requires a large 
number of AND-gates, they may be allocated to the particular 
OR-gate requiring them. Additionally, AND-gates may be con¬ 
nected (shared) to more than one OR-gate. This allows more 
efficient utilization of AND-gates in a PLA than in a PAL. 

The disadvantages of PLAs are not quite so obvious. PLAs 
are inherently slower than PALs or PROMs because a given 
signal must pass through two programmable arrays. This 
can make a PLA unsuitable for many high performance ap¬ 
plications. In practice the user can seldom take advantage of 
allocating a large number of AND-gates to a particular OR- 
gate. The number of AND-gates required for a particular 
equation is related to the number of inputs to the equation. 
PLA devices have a limited number of inputs, thus the 
number of AND-gates required by an equation is limited. 
Creation of equations using a large number of AND-gates 
can become very difficult. Logic design techniques such as 
Karnaugh maps cannot handle much more than five or six in¬ 
puts and computer aid for this task is not generally available. 
Another problem is that commercially available PLAs have 
fewer AND-gates than comparable PALs because of the 
added silicon real estate required to provide the program¬ 
mable OR array. If a designer creates an equation using most 
of his available AND-gates, only a few may remain for the 
other OR-gates. 


To take advantage of potential AND-gate efficiency with 
respect to sharing is not easy. For example, in data path ap¬ 
plications such as a barrei shifter, individual equations are 
dependent upon the data line of which they are in the path 
(i.e., the equation for output Oq is dependent on Dq and Qi is 
dependent on Di, etc.). This makes sharing of AND-gates im¬ 
possible. In other words, data path equations are ideally 
suited to the architecture of PALs. Since the critical path of 
most systems is the data path, and PALs are faster than 
PLAs, they are better suited for these applications. 


CONCLUSION 

The three programmable logic architectures are represented 
by the PROM, PAL, and PLA devices. Although very similar in 
basic array architecture, they differ significantly in their abil¬ 
ity to implement logic functions and in their applications. 
Each device type impiements an AND-OR two-ievel logic ar¬ 
ray which ailows implementation of logic equations in sum- 
of-products form. The PROM is the most limited of the three 
device types. Whiie it is able to implement any logic function 
dependent upon its inputs, it has very few inputs to work with. 
The PROM also has a fixed number of inputs and outputs and 
does not provide any architectural features to enhance logic 
design capability. Jhp PAL, on the other hand, provides 
significant capability to implement logic functions. The pro¬ 
grammable AND array allows equations with many inputs. 
Architecturai features such as programmable I/O, internal 
registered feedback, and choice of output poiarity allow opti¬ 
mization of pin allocation and logic equations. The PLA 
provides the most flexible architecture of the three for imple¬ 
mentation of logic equations by utilizing a programmable 
AND array and a programmable OR array. However, the added 
flexibility of the PLA can seldom be effectively utilized. Fur¬ 
ther, the inherent loss in speed performance when using a 
PLA is increasingly unacceptable in high performance 
designs. 
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Figure 12. PLA Array Structure 
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PALs Aid 
High Performance 
32 -Bit CPU Design 

Bradford S. Kitson and B. Joshua Rosen* siMU 
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The Computervision Analytic Processing Unit (APU) was 
designed as a very high speed 32-bit super minicomputer in¬ 
tended for engineering applications. PALs were used exten¬ 
sively in the design. Instead of just replacing TTL SSI/MSI, 
this design utilized PALs as customizable logic building 
blocks, allowing powerful logic functions to be implemented 
in a minimum of space. The result is a machine which is twice 
as fast as competitive designs without an increase in board 
space. This paper describes several of the APU’s “second 
generation” PAL based applications and illustrates the type 
of design techniques necessary to rise above the “first 
generation” TTL SSI/MSI replacement philosophy. 

APPLICATION OF PALs IN THE 
COMPUTERVISION APU 

The APU processor board set is divided into 4 modules, the 
Parser/Sequencer, which contains an instruction processor 
which fetches and decodes instructions in parallel with the 
execution unit; the Control Processor, which performs ad¬ 
dress and integer computations; the Floating Point Pipe, 
which performs both scalar and vector floating point opera¬ 
tions; and the Cache/Address Translation Unit, which con¬ 
tains a 256 slot area page table entry cache and a 16K byte 
memory cache. 

Approximately 25% of the chips in the APU board set are 
PALs. PALs were chosen for three reasons: flexibility, per¬ 
formance, and cost. 

The APU is the first implementation of Computervision’s new 
CPU architecture. As such, many aspects of the design were 
subject to change as the architecture evolved. The use of 
PALs permitted the designers of the machine to rapidly 


modify the hardware to fit the needs of this evolving architec¬ 
ture. In addition, new features and performance enhance¬ 
ments could easily be implemented with minimal impact on 
the development schedule. 

The ability to generate a very large number of essentially 
custom ICs (there are over 200 different PAL codes used in 
the APU) resulted in a significant reduction in the processor’s 
size while greatly enhancing its overall performance. The net 
result is apparent when one considers that although the APU 
and the Digital Equipment VAX-11/750, a gate array based 
machine, consume exactly the same amount of board space, 
the APU is more than twice as fast. 

In fact, the Fortran performance of the APU is substantially 
faster than that of the VAX-11/780, a machine which con¬ 
sumes 5.2 times as much board space as the APU. 

APU FLOATING POINT PIPE 

The APU floating point pipe (FPP) was designed as a very 
high speed arithmetic extension to the APU execution 
engine. Uni ike other comparable machines, the floating point 
arithmetic unitof the APU is an integral part of the internal ar¬ 
chitecture and not an optional add on. As a result, the FPP is 
used not only to accelerate scalar and vector floating point 
arithmetic, but also to perform byte, word, double word and 
quad word string operations. In addition, the FPP is also used 
to enhance the performance of important non-floating point 
instructions such as Procedure Call and Return. 

The FPP board uses a total of 79 PALs for both control and 
data path applications. The remainder of this paper focuses 
on two particular subunits of the APU FPP: the multiplier and 
the barrel shifter. 


'Manager, Processor Development, Computervision Corp., Bedtord, MA, at the time this paper was written. This paper reprinted with 
the permission of Computervision Corp. 
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3-TO-2 COUNTER 

The multiplier section is the heart of the FPP. A block diagram 
of the multiplier appears in Figure 1. Double precision 
floating point multiplication requires the calculation of a 
56-bit X 56-bit product. Unfortunately, 56x56 parallel 
multipliers do not exist on silicon. The best cost/perform¬ 
ance solution is to use a number of smaller multipliers to 
build an intermediate sized parallel multiplier and then pro¬ 
duce a large product (56x56) in multiple cycles. 

The partial product generator logic of the FPP utilizes seven 
Am25S558 8x8 multiplier slices to implement an 8 x 56-bit 


multiplication array. Each multiplier chip produces a 16-bit 
product. In general, the most significant eight bits of each 
partial product generator must be added to the least signifi¬ 
cant eight bits of the next higher slice to generate the full 
64-bit partial product. Exceptions are the most significant 
and least significant eight bits. For a graphic representation 
see Figure 2. 

This technique also requires the ability to accumulate partial 
products with the partial products from previous cycles. Thus 
eachcyclemust be accompanied by two additions; the partial 
product summation and intermediate product accumulation. 
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Figure 1. APU Multiplier (U.S. Patent Pending, Computervision Corp.) 



Figure 2. 64-Bit Partial Product Generation 
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The most straightforward way to accomplish this task is to 
follow the multipliers with two levels of lookahead adders, 
usually 74S181S. This technique results in a nanocycle time 
which is approximately 3 times longer than the partial prod¬ 
uct generation time of the 8x8 multipliers. This is clearly 
unacceptable. This scheme can be modified, however, by 
adding registers between each level of logic (see Figure 3). By 
pipelining the multiplier in this fashion, the nanocycle time 
can be reduced to something nearthe propagation delay time 
of the multiplier chips plus the clock to output time of the 
multiplier register plus the set-up time of the intermediate 
result register. The disadvantages of this scheme are in¬ 
creased pipe latency, caused by the two extra levels of 
pipelining, and a high part count. Still another technique in¬ 
volves replacing one level of the pipe and one level of 


lookahead adders with carry save adders between the partial 
product generators and the pipeline registers. Carry save 
adders are used to implement a technique called 3-to-2 
counting. As can be seen from Figure 4 any combination of 3 
equally weighted bits can be recoded into a 2-bit field. 

Thus it is possible to reduce the three operands generated by 
the multiplication process (the high and low partial products 
and the 64-bit intermediate product) into only two operands 
which may then be summed together in a single lookahead 
ALU. 3-to-2 recoding requires no carry propagate logic and is 
therefore very fast. Due to the speed of 3-to-2 counters, only 
one level of pipelining is required, which results in both a 
reduced parts count and a reduced pipe latency. The tech¬ 
nique is ideally suited for implementation in PALs. 



03862A-28 


Figure 3. Two-Level Pipelined Multiplier Approach 
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Figure 4. 3-to-2 Counting 






In the APU floating point engine, 16 AmPAU6R6s, pro¬ 
grammed as triple 3-to-2 counters, are used to reduce the 
three multiplication operands to two intermediate results 
(see Figure 5 for a logic diagram). The registered outputs of 
the PALs are connected to the input buses of the Mantissa 
ALU, which is also used for floating point addition and sub¬ 
traction. The Mantissa ALU then calculates the next in¬ 
termediate product in parallel with the partial products 


calculations occurring in the 8x8 multipliers. This in¬ 
termediate product and the new partial products are then 
recoded by the 3-to-2 counter PALs to form the next pair of in¬ 
termediate results. This process continues until the com¬ 
plete 56 X 56 product is generated. Thus without adding pipe 
latency, the APU is able to accumulate partial products at a 
rate of 8 x 56 bits every 112ns, which happily coincides with 
the basic nanocycle time of the machine. 


-0 


iinl 


Figure 5. AmPAL16R6 3-to-2 Counter 
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BARREL SHIFTER 

The APU Barrel Shifter, commonly referred to as the “Rosen 
Shifter”, can perform left shift, right shift and rotate opera¬ 
tions of from 0 to 63 bits in a single microcycle. The barrel 
shifter is used mainly for floating point prescale and nor¬ 
malize operations. A block diagram of the barrel shifter and 
its associated control logic is shown in Figure 6. The word 
rotater, nibble rotater and bit shift and mask logic comprise 
the three stages necessary to implement the barrel shifter. 
The prescale, leading zero detect and mask control logic 
comprise the logic required to control it. 


The prescale logic converts the signed difference produced 
by the exponent arithmetic units as a result of the com¬ 
parison of the two operand exponents, into an absolute shift 
distance which is then used to right shift (prescale) the 
Mantissa of the smaller operand of a floating point add or 
subtract operation. The leading zero detect logic determines 
the left shift distance required to produce a left justified (nor¬ 
malized) result. The mask control logic is used to convert 
rotated data to shifted data by masking off the appropriate 
leading or trailing bits to implement right or left shifts. These 
three sections are implemented in PALs, but will not be 
discussed in detail. 
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Figure 6. 64-Bit “Rosen Shifter” 


1-27 




To implement the three level 64-bit barrel shifter of Figure 6 in 
MSI requires the use of Am25S10 4-bit shifters (see Figure 7). 
The first level is the word rotater which performs a circular 
rotate of 0, 16, 32 or 48 bits. Although implementation is 
simple, the MSI solution requires 16 packages. The second 
level is the nibble rotater which is essentially identical to the 
word rotater but is wired to rotate 0,4,8 or 12 bits. The final 
stage of the barrel shifter requires not only bit rotate but also 
leading and trailing bit masking and sticky bit computation 
(i.e., the logical OR of the masked out bits). An MSI solution 
would require not only the 16 packages of Am25S10s, used in 
each of the preceding levels, but also 16 packages of AND 
gates, for masking, plus still another 16 packages of ANDs 
for the sticky bit computation. The control logic for perform¬ 
ing the mask operation would probably require as much logic 
as the entire shift path. The more practical solution has 


usually been to build separate left and right shifters, 48 
packages apiece, and not to implement a sticky bit at all. 

The PAL implementation of a 64-bit rotater and shifter, with 
sticky bit computation, requires considerably fewer pack¬ 
ages than a unidirectional MSI shifter. 

The word rotater consists of 8 identical PALs programmed as 
two four-bit rotaters per package. The logic diagram of the 
word rotater is shown in Figure 8. The nibble shifter requires 
four Am25S10s and 8 PALs programmed as 6-bit wide 4 place 
shifters. The logic diagram of a nibble shifter is shown in 
Figure 9. The bit shift and mask logic requires sixteen PALs in 
the data path and two PALs in the control path. The logic 
diagram for a shift and mask PAL appears in Figure 10, but 
some explanation is required to understand the innovative 
design technique used to implement it. 
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Figure?. Ain25S10 4-Bit Shifter 
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The technique used to implement the masking function re¬ 
quired for shifting is called “nearest neighbor masking”, 
(U.S. patent pending, Computervision Corp.). Each of the shift 
and mask PALs has an enable input from one of the mask 
control PALs. In addition, each shift and mask PAL is also 
connected to the enable inputs from its left and right hand 
neighbors (see Figure 11). The mask control PAL input deter¬ 
mines if all four bits from the slice should be masked off. The 
enables from the adjacent slice determine if a PAL is at a shift 
boundary. Should only one of the neighboring slices be 
disabled then the shift and mask PAL will mask off from 0to3 
of the bits adjacent to the disabled slice, depending on the bit 
rotation distance. In this way, the 64-bit masking operation 
can be implemented with only 16 control lines as opposed to 
at least 64 for an SSI/MSI solution. 

In addition to performing the final shift and mask operation, 
the bit shifter PALs also compute the logical OR of the 
masked out bits at each slice position. These outputs are 
then logically ORed together to generate a sticky bit. The ex¬ 
tra hardware required is less than two SSI packages. 


The entire PAL Barrel Shifter requires 38 devices to imple¬ 
ment 64-bit rotation, left shifting, right shifting and sticky bit 
accumulation. An MSI based left/right shifter, without sticky 
bit computation, would require a minimum of 96 parts. In ad¬ 
dition, the logic required for implementing the prescale and 
normalize operations, not discussed, is also significantly 
reduced through the use of PALs. 

CONCLUSION 

The full potential of PALs has begun to be realized with the 
availability of high speed devices. PALs now allow the 
designer to architect the device to fit the application instead 
of architecting the application to fit the device. 

The 3-to-2 counter design example shown illustrated the im¬ 
plementation of a unique architecture in PALs, resulting in 
significant part count reduction and throughput increase 
over a comparable TTL solution. The barrel shifter design ex¬ 
ample shown illustrated the innovative implementation of an 
application not previously feasible in TTL. 



03862A-36 


Figure 11. PAL “Nearest Neighbor” interconnect 
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Section 2 


Product 

Specifications 


AMD 20-Pin PAL Family 
AMD Half Power PAL Family 
AmPAL22V10 Advanced Information 
AmPL64S16 Advanced Information 

Am27S12A/13A, Am27S12/13 2048-Bit Generic Series Bipolar PROM 
Am27S18A/19A, Am27S18/19 256-Bit Generic Series Bipolar PROM 
Am27S20A/21A, Am27S20/21 1024-Bit Generic Series Bipolar PROM 





AMD 20-Pin PAL* Fannily 

20-Pin IMOX™ Programmable Array Logic Elements 

Advanced Micro Devices 


DISTINCTIVE CHARACTERISTICS 

• Fast 

- High speed “A" versions 

(tpd = 25ns, tg = 20ns, tgo = 15ns, max) 

- Standard speed versions 

(tpd = 35ns, tg = 30ns, tgo = 25ns, max) 

• Flexible 

- User programmability allows customized designs 

- Eases design updates in prototype or product 

• Low Cost 

- Reduces board space/chip count 

- Reduces design time 

- Reduces inventory cost 

• Reliable 

- Proven Platinum-Silicide fuse technology 

- Fully AC and DC tested 

- Preload of output registers allows full logical testing 


FUNCTIONAL DESCRIPTION 

AMD PALs are high speed electrically programmable array 
logic elements. They utilize the familiar sum-of-products 
(AND-OR) structure allowing users to program custom logic 
functions to fit most applications precisely. 

Initially the AND gates are connected, via fuses, to both the 
true and complement of every input. By selective program¬ 
ming of fuses the AND gates may be “connected” to only the 
true input (by blowing the complement fuse), to only the 
complement input (by blowing the true fuse), or to neither 
type of input (by blowing both fuses) establishing a logical 
“don’t care.” When both the true and complement fuses are 
left intact a logical false results on the output of the AND gate. 
An AND gate with all fuses blown will assume the logical true 
state. The outputs of the AND gates are connected to fixed 
OR gates. The only limitations imposed are the number of 
inputs to the AND gates (up to 16) and the number of AND 
gates per OR (up to 8). 

The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-OR-INVERT) versions. 


AMD PAL FAMILY CHARACTERISTICS 

All members of the AMD PAL family have common electrical 
characteristics and programming procedures. All parts in this 
family are produced with a fusible link at each input to the 
AND gate array. Connections may be selectively removed by 
applying appropriate voltages to the circuit. 

All partsare fabricated with AMD’s fast programming, highly 
reliable Platinum-Silicide fuse technology. Utilizing an eas¬ 
ily implemented programming algorithm, these products can 
be rapidly programmed to any customized pattern. Extra 
test words are pre-programmed during manufacturing to 
insure extremely high field programming yields (> 98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
programmable logic. 

The AMD PAL family is manufactured using Advanced Micro 
Devices’ selective oxidation process, IMOX. This advanced 
process permits an increase in density and a decrease in 
internal capacitance resulting in the fastest possible pro¬ 
grammable logic devices. 

The AMD PAL family also incorporates the unique capability 
of preloading the output registers during testing to any de¬ 
sired value. Preload is invaluable when testing the logical 
functionality of a programmed AMD PAL. 


AMD PAL FAMILY TABLE 


Part 

Number 

Array 

Inputs 

Logic 

OE 

Outputs 

tpd 

(MAX) 

STD A 

Is 

(MAX) 

STD A 

tco 

(MAX) 

STD A 

1 

AmPAL16R8 

(8) Dedicated 
(8) Feedback 

(8) 8-Wide AND-OR 

Dedicated 

Registered Inverting 

- 

- 

30 

20 

25 

15 

ns 

AmPAL16R6 

(8) Dedicated 
(6) Feedback 
(2) Bidirectional 

(6) 8-Wide AND-OR 

Dedicated 

Registered Inverting 

35 

25 

30 

20 

25 

15 

ns 

(2) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

AmPAL16R4 

(8) Dedicated 
(4) Feedback 
(4) Bidirectional 

(4) 8-Wide AND-OR 

Dedicated 

Registered Inverting 

35 

25 

30 

20 

25 

15 

ns 

(4) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 

AmPAL16L8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wide AND-OR-INVERT 

Programmable 

(6) Bidirectional 
(2) Dedicated 

35 

25 

- 

- 

- 

- 

ns 

AmPAL16H8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wlde AND-OR 

Programmable 

(6) Bidirectional 
(2) Dedicated 

35 

25 

- 

- 

- 

- 

ns 

AmPAL16LD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR-INVERT 

- 

Dedicated 

35 

25 

- 

- 


- 

ns 

AmPAL16HD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR 


Dedicated 

35 

25 

- 

- 


- 

ns 


PAL is a registered trademark of Monolithic Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to -f150°C 

Temperature (Ambient) Under Bias 

-55 to -t-125'’C 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous 

-0.5 to -f7V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to +Vqq max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 

200mA 

DC Input Voltage 

-0.5 to -I-5.5V 

DC Input Current 

-30 to -f-5mA 


OPERATING RANGE 


Parameters Description 

Commercial 

Military 

Units 

Min 

Max 

Min 

Max 

Vcc 

Supply Voltage 

4.75 

5.25 

4.50 

5.50 

V 

Ta 

Operating Free Air 
Temperature 

0 

75 

-55 


“C 

Tc 

Operating Case 
Temperature 




125 

■’C 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 


Parameters 

Description 

Test Conditions 


Min 

(Note 1) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min, 


COM’L 

B 

3.5 


Volts 

Mn = V|H or V|L 


MIL 


Vql 

Output LOW Voltage 

Vcc = min. 

Iql = 24mA 

COM'L 

■ 


0.50 

Volts 

V|N = V|H or V|L 

lOL = 12mA 

MIL 

■ 


BHI 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 


Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.40V 


-20 

-250 

/xA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

fiA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 


Output Short Circuit Current 

Vcc = max, Vqut = 0-5V (Note 3) 

-30 

-60 

-90 

mA 


Power Supply Current 

All inputs = GND, Vcc = MAX 

16L8, 16H8, 16HD8, 16LD8 

16L8A, 16H8A, 16HD8A, 16LD8A 


110 

155 

mA 

16R8, 16R6, 16R4 

16R8A, 16R6A, 16R4A 


120 

180 

V| 

Input Clamp Voltage 

Vcc ~ MIN, l||sj = —18mA 


-0.9 

ea 

Volts 


Output Leakage Current 

Vcc = max, V|l = 0.8V 

Vo = 2.7V 



100 

/nA 

lOZL 

(Note 4) 

V|H = 2.0V 

Vo = 0.4V 





Input Capacitance 

V|N = 2.0V @f = 1 MHz (Note 5) 


6 


PF 


Output Capacitance 

VoUT = 2.0V @f = 1MHz (Note 5) 


9 



Notes: 1. Typical limits are at Vcc = 5.0V and = 25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. VouT = 0-5V has been 
chosen to avoid test problems caused by tester ground degradation. 

4. I/O pin leakage is the worst case of Iqzx of l|X (where X = H or L). 

5. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 


HIGH SPEED 


Test 

Parameters Description Conditions 

Typ 

(Note 1) 

COM’L 

MIL 

Units 

Min Max 

Min Max 

tPD 

Input or Feedback to Non-Registered Output 

16L8A, 16R6A, 16R4A, 16LD8A, 16H8A, 16HD8A 

COM’L 

Rl = 200 

R2 = 390 

MIL 

Rl = 390 

R2 = 750 

12 


25 


30 

ns 

tEA 

Input to Output Enable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

ns 

tER 

Input to Output Disable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

ns 

fpzx 

Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 

8 


20 



ns 

tpxz 

Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 

8 


20 



ns 

tco 

Clock to Output 16R8A, 16R6A, 16R4A 

8 


15 


20 

ns 


Input or Feedback Setup Time 16R8A, 16R6A, 16R4A 

10 

20 


25 


ns 

tH 

Hold Time 16R8A, 16R6A, 16R4A 

-10 

0 


0 


ns 

tp 

Clock Period 


35 


45 


ns 

tw 

Clock Width 


15 


20 


ns 


Maximum Frequency 



28.5 


22 

MHz 


Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 

2. tpD is tested with switch Si closed and Ci_ = 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

STANDARD SPEED ___ 

Test Typ COM’L _ MIL 

Parameters Description Conditions (Note1) Min Max Min Max Units 



Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 

2. tpQ is tested with switch Si closed and Cl = 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql -i- 0.5V level with Si closed. 


































































































SWITCHING WAVEFORMS 



KEY TO TIMING DIAGRAM 


WAVEFORM 

INPUTS 

OUTPUTS 

WAVEFORM INPUTS 

OUTPUTS 


MUST BE 
STEADY 

WILL BE 

STEADY 

mM P^^R^M^E^ 

CHANGING; 

STATE 

UNKNOWN 




TY\ UT DOES NOT 

UJ Vli 

CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 





PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 



2-6 





































PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 
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PROGRAMMING 

Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a programming 
voltage pulse applied to the output under programming. Addres¬ 
sing of the 2048 element fuse array is accomplished with normal 
TTL levels on eight input pins (five select the input line number 
and three select the product term number). Vcc is maintained at a 
normal level throughout the programming and verify cycle - no 
extra high levels are required. 

The necessary sequence levels for programming any fuse is 
shown in the Programming Waveforms. The address of each 
fuse in terms of Input Line Number and Product Term Line 
Number is defined by the Fuse Address Tables 1 and 2. Cur¬ 
rent, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table below. 

The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use 
identical programming conditions and sequences. 

After all programming has been completed, the entire array 
should be reverified at VccL and again at VccH- Reverification 
can be accomplished by reading all eight outputs in parallel rather 
than one at a time. The array fuse verification cycle checks that 


PROGRAMMING PARAMETERS = 25°C 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Vhh 

Control Pin Extra High Level 

Pin 1 @ 10-40mA 

10 

11 

12 

Volts 

Pin 11 @ 10-40mA 

10 

11 

12 

Vqp 

Program Voltage Pins 12-19 @ 15 

-200mA 

18 

20 

22 

Volts 

V|HP 

Input High Level During Programming and Verify 

2.4 

5 

5.5 

Volts 

V|LP 

Input Low Level During Programming and Verify 

0.0 

0.3 

0.5 

Volts 

Vccp 

Vcc During Programming @ Iqc = 

50-200mA 

5 

5.2 

5.5 



Vcc During First Pass Verification @ Ice = 50-200mA 

4.1 

4.3 

4.5 



Vcc During Second Pass Verification @ Icc = 50-200mA 

5.4 

5.7 

6.0 

Volts 

Veiown 

Successful Blown Fuse 

Sense Level @ Output 

16L8, 16R8. 16R6, 16R4. 16LD8 

16L8A. 16R8A, 16R6A, 16R4A, 16LD8A 


0.3 

0.5 

Volts 


16H8, 16HD8, 16H8A, 16HD8A 

2.4 

3 


dVop/dt 


20 


250 

VlfjLsec 

dVii/dt 


100 


1000 

Vlfxsec 

Ip 


40 

50 

100 

fj-sec 

Subsequent Attempts 

4 

5 

10 

msec 

*D 

Delays Between Various Level Changes 

100 

200 

1000 

ns 

tv 

Period During which Output is Sensed for V0ioy^n Level 



500 

ns 






Volts 



1 1.9 

1 ^ 

2.1 

Kn 


the correct array fuses have been blown and can be sensed by 
the outputs. 

AMD PALs have been designed with many internal test features 
that are used to assure high programming yield and correct 
logical operation for a correctly programmed part. 

An additional fuse is provided on each AMD PAL circuit to prevent 
unauthorized copying of AMD PAL fuse patterns when design 
security is desired. Blowing the security fuse blocks entry to the 
fuse pattern verify mode. 

To blow the security fuse: 

1. Power up part to Vccp 

2. Raise Pin 5 to V|-|h. 

3. Pulse Pin 11 from ground to Vqp for a SO/xsec duration. 

4. Perform a normal end-of-programming verify cycle at VccL 
and VccH- All fuse locations should be sensed as blown if the 
security fuse has been successfully blown. 

Note that parts with the security fuse blown may not be returned 
as programming rejects. 

AMD PALs normally have high programming yields (>98%). 
Programming yield losses are frequently due to poor socket 
contact, equipment out of calibration or improperly used. 


AMD PAL PROGRAMMING EQUIPMENT INFORMATION 


Source and 
Location 

Data I/O 

10525 Willows Rd.. N.E. 
Redmond, 

WA 98052 

Kontron Electronics. Inc. 
630 Price Ave. 

Redwood City, 

CA 94063 

Stag Microsystems 
528-5 Weddel Dr. 
Sunnyvale, 

CA 94086 

structured 

Design, Inc. 

1700 Wyatt Dr. #3 
Santa Clara, 

CA 95054 

Digilec, Inc. 

7335 E. Acoma Dr. 
Dept-103 

Scottsdale, 

AZ 85260 

Programmer 

Model-100,29, 

Model-MPP-80S 

Model-PPX 

SDIOOO 

TBA 

Model(s) 

19or17 

or EPP80 

Model ZL-30 



AMD PAL 

Personality 

Module 

Logiepak 

950-1942-001 

MOD-33 

PPM2200 

On Board 

- 


On Board ZL-30 



Socket 

715-1947-003 

SA37 

Am202S 


- 

Adapter 



On Board ZL-30 

I On Board 



The machines noted above have been qualified by AMD to insure high programming yields. Check with the factory to determine the current 
status of vendors noted TBA or other available models. 
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INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES 


FUSING 
I TIME I 


Input Line Number 
Address Pin States 


TABLE 2. PRODUCT TERM ADDRESSING 



Product Term 
Select 
Address Pin 

Product Term Line Number 

4 3 2 


0 

8 

16 

24 

32 

40 

48 

56 

L 

L 

1 

9 

17 

25 

33 

41 

49 

57 

L 

L 

2 

10 

18 

26 

34 

42 

50 

58 

L 

H 

3 

11 

19 

27 

35 

43 

51 

59 

L 

H 

4 

12 

20 

28 

36 

44 

52 

60 

H 

L 

5 

13 

21 

29 

37 

45 

53 

61 

H 

L 

6 

14 

22 

30 

38 

46 

54 

62 

H 

H 

7 

15 

23 

31 

39 

47 

55 

63 

H 

H 


Programming Access and Verify Pin 


L = ViLp 
H = V|HP 
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PRELOAD OF REGISTERED OUTPUTS LOW state. This feature simplifies testing since any initial State for 

the registers can be set to optimize test sequencing. 

AMD PAL registered outputs are designed with extra circuitry to The pin levels and timing necessary to perform the PRELOAD 

ailow loading each register asynchronousiy to either a HIGH or function are detailed below: 


REGISTERED 

OUTPUT 



Level forced on registered output 
pin during PRELOAD cycle 

Output state at the 
output pin after cycle 

Vhh 

HIGH 

OV to VccH or OPEN 

LOW 


ORDERING INFORMATION 


AmPAL XXXXX X X X X 


Basic Device 

16R8 

16R6 

16R4 

16L8 

16H8 

16LD8 

16HD8 


Screening 

C = 883C Basic Flow 
B = 883B (Burn-in) 

Temperature Range 
C = Commercial 
M = Military 


Speed Selection 
= Standard 
A = High Speed 


Package 

P = Molded DIP (Commercial Only) 
D = Hermetic DIP 
L = Chip-Pak™* 


*Chip-Paks are rated at maximum case temperature only. 
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AMD Half Power PAL* Family 

Half Power 20-Pin IMOX^** Programmable Array Logic Elements 

Advanced Micro Devices 


DISTINCTIVE CHARACTERISTICS 

• Low Power Dissipation 

- 1/2 the power of standard PALs (Ice = 60mA typ) 
Reduces power supply requirements and improves 
system reliability 

• High Performance 

- Meets all standard power PAL AC specs 

(tpd = 35ns max, ts = 30ns max, tco = 25ns max) 

• High Output Drive 
“ Iql = 24mA 

Same as standard power devices 

- Drives buses directly (no special driver 
chips needed) 

• Plug-in Replacement for Standard PALs 

- Meets ALL standard PAL specs at 1/2 the power 

• Excellent Programming Yield (typ 98%) 

- Platinum Silicide fuses ensure high programming 
yield, fast programming and unsurpassed reliability 

• Improved Testability 

- Preload feature permits full logical verification 

• Superior Quality 

- Full AC and DC testing done at the factory 
utilizing special designed-in test features 


GENERAL DESCRIPTION 

These low power devices represent a breakthrough in PAL 
technology by meeting all the specifications of the standard 
power parts with only half the current requirements. They 
can directly replace the standard power PALs with no 
loss of performance, and they, like the standard devices, 
incorporate the PRELOAD feature essential for full logic 
verification during testing. 

AMD Half Power PALs are high-speed Programmable Array 
Logic elements which utilize the familiar sum-of-products 
(AND-OR) logic structure which allows users to program 
custom logic functions to precisely fit their applications. They 
are a replacement for Low Power Schottky SSI/MSI logic 
circuits, reduce the chip count by more than 5 to 1 and greatly 
simplify prototyping and board layout. 

Seven different device types are available, including both 
registered and combinatorial devices. In addition, the com¬ 
binatorial devices are offered in both active HIGH 
(AND-OR) and active LOW (AND-OR-INVERT) versions. 
The low power dissipation means reduced power supply 
requirements and improved reliability, while the use of 
AMD’s IMOX process permits extremely high operating 
speeds. 


AMD HALF POWER PAL FAMILY TABLE 



Part 

Number 


tpd ts 
(Max) (Max) 


Eight Dedicated 
Eight Feedback 


Eight Dedicated 

AmPAL16R6L Six Feedback 


Eight 8-Wide AND-OR 


Six 8-Wide AND-OR 


Registered 

Inverting 


Registered 

Inverting 


Twro Bidirectional Two 7-Wide AND-OR-INVERT Programmable Bidirectional 


Eight Dedicated 
AmPAL16R4L Four Feedback 


Four 8-Wide AND-OR 


Registered 

Inverting 


Four Bidirectional Four 7-Wide AND-OR-INVERT Programmable Bidirectional 


Ten Dedicated 
Six Bidirectional 


Eight 7-Wide AND-OR-INVERT Programmable 


Six Bidirectional 
Two Dedicated 



AmPAL16H8L 

Ten Dedicated 

Six Bidirectional 

Eight 7-Wide AND-OR 

Programmable 

Six Bidirectional 

Two Dedicated 

35 

- 

- 

80 

AmPAL16LD8L 

Ten Dedicated 

Six Bidirectional 

Eight 8-Wide AND-OR-INVERT 

- 

Dedicated 

35 

- 

- 

80 

AmPAL16HD8L 

Ten Dedicated 

Six Bidirectional 

Eight 8-Wide AND-OR 

- 

Dedicated 

35 

- 

- 

80 


•PAL is a registered trademark of Monoiithic Memories, inc. 
IMOX is a trademark of Advanced Micro Devices, inc. 


2-17 


04114A-PLP 

















































AMD PAL FAMILY CHARACTERISTICS 

All members of the AMD PAL family have common electrical 
characteristics and programming procedures. All parts are pro¬ 
duced with a fusible link at each input to the AND gate array, and 
connections may be selectively removed by applying appropriate 
voltages to the circuit. 

Initially the AND gates are connected, via fuses, to both the true 
and complement of each input. By selective programming of 
fuses the AND gates may be “connected” to only the true input 
(by blowing the complement fuse), to only the complement input 
(by blowing the true fuse), or to neither type of input (by blowing 
both fuses) establishing a logical "don’t care.” When both the true 
and complement fuses are left intact a logical false results on the 
output of the AND gate, while all fuses blown results in a logical 
true state. The outputs of the AND gates are connected to fixed 
OR gates. The only limitations imposed are the number of inputs 
to the AND gates (up to 16) and the number of AND gates per OR 
(up to 8). 

All parts are fabricated with AMD’s fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test words 
are pre-programmed during manufacturing to insure extremely 
high field programming yields (>98%), and provide extra test 
paths to achieve excellent parametric correlation. 

POWER-UP RESET 

The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power- 
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state machine 
initialization. 


AMD Low Power PALs are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 


devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the PAL’s output registers. 

A typical functional test sequence would be to verify all possible 
state transitions for the device being tested. This requires the 
ability to set the state registers into an arbitrary “present state” 
value and to set the device inputs to any arbitrary “present input” 
value. Once this is done, the state machine is clocked into a new 
state, or “next state.” The next state is then checked to validate 
the transition from the present state. In this way any state 
transition can be checked. 

Without PRELOAD, it is difficult and in some cases impossible to 
load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessively 
long. Long test sequences result when the feedback from the 
state register ’’interferes” with the inputs, forcing the machine to 
go through many transitions before it can reach an arbitrary state 
value. Therefore the test sequence will be mostly state 
initialization and not actual testing. The test sequence becomes 
excessively long when a state must be reentered many times to 
test a wide variety of input combinations. 

In addition, complete logic verification may become impossible 
when states that need to be tested can not be entered with 
normal state transitions. For example, even though necessary, 
the state entered when machine powers up can not be tested, 
because it can not be entered from the main sequence. Similarly, 
“forbidden” or don’t care states that are not normaly entered need 
to be tested to ensure that they return to the main sequence. 

PRELOAD eliminates these problems by providing the capability 
to go directly to any desired arbitrary state. Thus test sequences 
may be greatly shortened, and all possible states can be tested, 
greatly reducing test time and development costs, and guaran¬ 
teeing proper in-system operation. 
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AmPAL16L8L AmPAL16H8L 

BLOCK DIAGRAM BLOCK DIAGRAM 




AmPAL16LD8L 
BLOCK DIAGRAM 


AmPAL16HD8L 
BLOCK DIAGRAM 




04114A-8 


04114A-9 





MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to -l-150°C 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous 

-0.5 to -H7V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to +Vcc max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 

200mA 

DC Input Voltage 

-0.5 to -I-5.5V 

DC Input Current 

-30 to -l-5mA 


OPERATING RANGE 


Parameters Description 

Commercial 

Military 

Units 

Min 

Max 

Min 

Max 

< 

o 

o 

Supply Voltage 

4.75 

5.25 

4.50 

5.50 

V 

Ta 

Operating Free Air 
Temperature 

0 

75 

-55 


°c 

Tc 

Operating Case 
Temperature 




125 

°c 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Typ 

Parameters Description Test Conditions Min (Note 1) Max Units 



Output HIGH Voltage 

VqC “ MIN, 

ViN = ViH or ViL 

lOH = -3.2mA COM’L 

2.4 

im 


Volts 

Iqh = -2mA MIL 

B1 

Output LOW Voltage 

Vcc = MIN, 

V|N = V|H or ViL 

Iql = 24mA COML 


■ 

0.50 


lOL = 12mA MIL 

Bl 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 




V|L 

(Note 2) 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 





l|L 

Input LOW Current 

Vcc = max, V||m = 0.40V 




HI 

>IH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



la 


l| 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 



mm 


isc 

Output Short Circuit Current 

Vcc = max, Vqut = 0.5V (Note 3) 

-30 

-60 

-90 


'cc 

Power Supply Current 

All inputs = GND, 

Vcc = MAX 

16L8L. 16H8L, 16HD8L, 16LD8L 


55 

80 


16R8L, 16R6L, 16R4L 


60 

90 

V| 

Input Clamp Voltage 

Vcc = MIN, l|N = -18mA 


-0.9 

-1.2 


Iqzh 

Output Leakage Current 
(Note 4) 

Vcc = max, V|l = 0.8V 

V|H = 2.0V 

Vo = 2.7V 



100 


Iqzl 

Vo = 0.4V 



-100 

C|N 

Input Capacitance 

V|N = 2.0V @f = 1MHz (Note 5) 


6 


pF 

CoUT 

Output Capacitance 

Vqut = 2.0V @f = IMHz (Note 5) 


9 



Notes: 1. 
2 . 

3. 

4. 

5. 


Typical limits are at Vqq = 5.0V and Ta = 25°C. 

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vqut = 0.5V 
has been chosen to avoid test problems caused by tester ground degradation. 

I/O pin leakage is the worst case of Iqzx or lix (where x = H or L). 

These parameters are not 10Q% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 

Test Typ COM L 

Parameters Description Conditions (Notel) Min Max 


MiL 

Min Max 


tPD 

Input or Feedback to Non-Registered Output 

16L8L, 16R6L, 16R4L, 16LD8L, 16H8L, 16HD8L 

tEA 

Input to Output Enable 16L8L, 16R6L, 16R4L, 16H8L 

tER 

Input to Output Disable 16L8L, 16R6L, 16R4L, 16H8L 

tpzx 

Pin 11 to Output Enable 16R8L, 16R6L, 16R4L 

tpxz 

Pin 11 to Output Disable 16R8L, 16R6L, 16R4L 

tco 

Clock to Output 16R8L, 16R6L, 16R4L 

ts 

Input or Feedback Setup Time 16R8L, 16R6L, 16R4L 

tH 

Hold Time 16R8L, 16R6L, 16R4L 

tp 

Clock Period (ts -t- tco) 

tw 

Clock Width 

fWAX 

Maximum Frequency 



Notes; 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 

2. tpD is tested with switch Si closed and Cl = 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; low-to-high impedance tests are made to the Vql -r 0.5V level with Si closed. 


SWITCHING WAVEFORMS 


INPUTS, I/O, 
REGISTERED 
FEEDBACK 



1- 

— 'PD — 

1. 

*— 'er —^ 

\ 

_ 1 

m 

1 _ : 



—^ r*'EA*-j 

T\ rrrr 


AC TEST LOAD 


KEY TO TIMING DIAGRAM 



WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 

STEADY STEADY 


DON’T CARE; CHANGING; 

ANY CHANGE STATE 

PERMITTED UNKNOWN 

CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 
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PRELOAD OF REGISTERED OUTPUTS 

AMD PAL registered outputs are designed with extra circuitry 
to allow loading each register asynchronously to either a HIGH 


or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 


REGISTERED 

OUTPUT 



•tp = 200ns typically. See Programming Parameters. 


Level forced on registered output 
pin during PRELOAD cycle 

Output state at the 
output pin after cycle 

Vhh 

HIGH 

OV to Vqqh or OPEN 

LOW 


POWER-UP RESET 

The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Due to the asyn¬ 
chronous operation of the power-up reset and the wide range of 
ways Vqq can rise to its steady state, three conditions are re¬ 
quired to insure a valid power-up reset. These conditions are: 


1. The Vcc rise must be monotonic. 

2. Following reset, the clock input must not be driven from low 
to high untii all applicable input and feedback setup times are 
met. 



REGISTERED 

OUTPUT 


Parameters 

Description 


Power-Up 

‘pr 

Reset Time 


Input or Feedback 

's 

Setup Time 

tw 

Clock Width 


600 1000 ns 


See Switching Characteristics 
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PRODUCT TERMS (0-63) 


LOGIC DIAGRAM AmPAL16R8L 
INPUTS (0-31) 
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16 Fuse Array Inputs 8,8-Wide AND-OR Structures 

- 8 dedicated - Registered, inverting outputs 

- 8 internal registered feedback - Common dedicated output enable 
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PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 


LOGIC DIAGRAM AmPAL16L8L 


INPUTS (0-31) 



16 Array Inputs 

- 10 dedicated 

- 6 bidirectional I/O 


8,7-Wide AND-OR-INVERT Structures 

- Combinatorial outputs 

- Programmable output enable for each output 
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LOGIC DIAGRAM AmPAL16LD8L 


INPUTS (0-31) 
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16 Array Inputs 8,8-Wide AND-OR-INVERT Structures 

- 10 dedicated - Dedicated combinatorial outputs 

- 6 feedback 











PRODUCT TERMS (0-63) 


LOGIC DIAGRAM AmPAL16H8L 

INPUTS (0-31) 
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16 Array Inputs 8,7-Wide AND-OR Structures 

- 10 dedicated - Combinatorial outputs 

- 6 bidirectional I/O - Programmable output enable for each output 
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PRODUCT TERMS (0-63) 


LOGIC DIAGRAM AmPAL16HD8L 

INPUTS (0-31) 
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16 Array Inputs 8,8-Wide AND-OR Structures 

- 10 dedicated - Dedicated combinatorial outputs 

- 6 feedback 
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PROGRAMMING 


Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a programming 
voltage pulse applied to the selected output, one output at a time. 
Addressing of the 2048 element fuse array is accomplished with 
normal TTL levels on eight input pins (five select the input line 
number and three select the product term number). Vcc is 
maintained at a normal level throughout the programming and 
verify cycle - no extra high levels are required. 

The necessary sequence of levels for programming any fuse is 
shown in the Programming Waveforms. The address of each 
each fuse in terms of Input Line Number and Product Term 
Line Number is defined by the Fuse Address Tables 1 and 2. 
Current, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table below. 

The 16L8L, 16R8L, 16R6L, 16R4L, 16H8L, 16LD8L and 
16HD8L use identical programming conditions and sequences. 

After all programming has been completed, the entire array 
should be reverified at VccL and again at VccH- Reverification 
can be accomplished by reading all eight outputs in parallel 
rather than one at a time. The array fuse verification cycle 


PROGRAMMING PARAMETERS (Ta = 25“C) 
Parameters Description 


checks that the correct array fuses have been blown and can 
be sensed by the outputs. 

AMD PALs have been designed with many internal test 
features that are used to assure high programming yield and 
correct logical operation for a correctly programmed part. 

An additional fuse is provided on each AMD PAL circuit to 
prevent unauthorized copying of AMD PAL fuse patterns when 
design security is desired. Blowing the security fuse blocks 
entry to the fuse pattern verify mode. 

To blow the security fuse: 

1. Power up part to Vqcp 

2. Raise Pin 5 to Vhh- 

3. Pulse Pin 11 from ground to Vqp for a 50^^sec duration. 

4. Perform a normal end-of-programming verify cycle at Vqql 
and VccH- All fuse locations should be sensed as blown if 
the security fuse has been successfully blown. 

Note that parts with the security fuse blown may not be 
returned as programming rejects. 

AMD PALs normally have high programming yields (>98%). 
Programming yield losses are frequently due to poor socket 
contact, equipment out of calibration or improperly used. 


Min Typ Max Units 


Vhh 

Control Pin Extra High Level 

Pin 1 @ 10-40mA 

10 

11 

12 

Volts 

Pin 11 @ 10-40mA 

10 

11 

12 

Vqp 

Program Voltage Pins 12-19 @ 15 

-200mA 

18 

20 

22 

Volts 

V|HP 

Input High Level During Programming and Verify 

2.4 

5 


Volts 

V|LP 

Input Low Level During Programming and Verify 

0.0 

0.3 

BS 


VccP 

Vcc During Programming @ Icc = 

50-200mA 

5 

5.2 

5.5 

Volts 

VcCL 

Vcc During First Pass Verification @ Icc = 50-200mA 

4.1 

4.3 

4.5 

Volts 

VcCH 

Vcc During Second Pass Verification @ Icc = 50-200mA 

5.4 

5.7 

6.0 

Volts 

Vsiown 

Successful Blown Fuse 

16L8L, 16R8L, 16R6L, 16R4L, 16LD8L 


0.3 

0.5 

Volts 

Sense Level @ Output 

16H8L, 16HD8L 

2.4 

3 


dVop/dt 

Rate of Output Voltage Change 

20 


250 

V//xsec 

dVii/dt 

Rate of Fusing Enable Voltage Change (Pin 11 Rising Edge) 

100 


1000 

V//xsec 


Fusing Time First Attempt 

40 

50 

100 

^sec 

IP 

Subsequent Attempts 

4 

5 

10 

msec 

Id 

Delays Between Various Level Changes 

100 

200 

1000 

ns 

tv 

Period During which Output is Sensed for Vbiowo Level 



500 

ns 

Vqnp 

Pull-Up Voltage On Outputs Not Being Programmed 

VcCP - 0-3 

VcCP 

Vccp + 0.3 

Volts 

R 

Pull-Up Resistor On Outputs Not Being Programmed 

1.9 

2 

2.1 

Kn 


AMD PAL PROGRAMMING EQUIPMENT INFORMATION 


Source and 
Location 

Data I/O 

10525 Willows Rd., N.E. 
Redmond, 

WA 98052 

Kontron Electronics, Inc. 
630 Price Ave. 

Redwood City, 

CA 94063 

Stag Microsystems 
528-5 Weddel Dr. 
Sunnyvale, 

CA 94086 

Structured 

Design, Inc. 

1700 Wyatt Dr. #3 
Santa Clara, 

CA 95054 

Digilec, Inc. 

7335 E. Acoma Dr. 
Dept-103 

Scottsdale, 

AZ 85260 

Programmer 

Model-100, 29, 

Model-MPP-80S 

Model-PPX 

SD1000 

TBA 

Model(s) 

19or17 

or EPP80 

Model ZL-30 



AMD PAL 

Personality 

Module 

Logicpak 

950-1942-001 

MOD-33 

PPM2200 

On Board 

- 


On Board ZL-30 



Socket 

715-1947-003 

SA37 

Am202S 

On Board 

- 

Adapter 



On Board ZL-30 

1 



The machines noted above have been qualified by AMD to insure high programming yields. Check with the factory to determine the current 
status of vendors noted TBA or other availabie modeis. 
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ORDERING INFORMATION 


AmPAL 16HD8 L D M B 


Basic Device 

16R8 

16R6 

16R4 

16L8 

16H8 

16LD8 

16HD8 


Screening 

Blank = Standard Process Flow 
B = Burned-ln 

Temperature Range 
C = Commercial 
M = Military 


Speed/Power Selection - 

L = Standard Speed/Low Power 

•Chip-Paks are rated at maximum case temperature only. 


Package 

P = Molded DIP (Commercial Only) 
D = Hermetic DIP 
L = Chip-Pak^“* 


P-20-1 
Molded DIP 



PHYSICAL DIMENSIONS 


D-20-1 

Hermetic DIP 







Chip-Pak 

L-20-1 




Top View 


2 1 20 19 


Pads are located on bottom of 
6 package, and are Shown for 16 
reference only. 




9 10 11 12 13 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 


2-33 









AmPAL: 22V10 

24-Pin IMOX™ Programmable Array Logic 
Advanced Micro Devices 


DISTINCTIVE CHARACTERISTICS 

• Second generation PAL architecture 

• Increased logic power - up to 22 inputs and 10 outputs 

• Increased product terms - average 12 per output 

o Variable product term distribution improves ease of use 

o Each output USER PROGRAMMABLE for registered or 
combinatorial operation 

o Individually USER PROGRAMMABLE output polarity 

• Extra terms provide logical synchronous PRESET and 
asynchronous RESET capability 

o Comes in standard and high speed versions - 15ns 
typical propagation delay 

• TTL level PRELOAD for improved testability 

• Packaged in SLIMDIP (300 mil) 24 pin package 

• Platinum Silicide fuses ensure high programming yield, 
fast programming and unsurpassed reliability 

• Full AC and Detesting done at the factory utilizing special 
designed-in test features 


CONNECTION DIAGRAM - Top View 



GENERAL DESCRIPTION 

The AmPAL22V10 is a second generation Programmable 
Array Logic device. It utilizes the familiar sum-of-products 
(AND-OR)logicstructure, allowing users to program custom 
logic functions. The AmPAL22V10 is an extension of the 
PAL concept. First generation devices were largely limited to 
TTL replacement applications. The AmPAL22V10 permits 
the development of custom LSI functions of 300 to 500 
equivalent gate complexity. 

The AmPAL22V10 contains up to 22 inputs and lOoutputs. It 
incorporates the unique capability of defining and program¬ 
ming the architecture of each output on an individual basis. 
Each output is user programmable for either registered or 
combinatorial operation. This allows the designer to optimize 
the device design, by having only as many registers as 
needed. In addition each output has user programmable 
output polarity, further simplifying design and contributing to 
precise applications requirements. 

Increased logic power has been built into the AmPAL22V10 
by increasing the number of product terms from 8 per output 
to an average of 12 per output. Further innovation can be 
seen in the introduction of variable product term distribution. 
This technique allocates from 8 to 16 logical product terms 
to each output (please refer to block diagram for distri¬ 
bution details.) This variable allocation of terms allows 
far more complex functions to be implemented than in 
previous devices. 

System operation has been enhanced by the addition of a 
synchronous PRESET and an asynchronous RESET pro¬ 
duct term. These terms are common to all outputs. 

The AmPAL22V 10 also incorporates power-up reset and the 
unique capability to PRELOAD the output registers to any 
desired state during testing. PRELOAD is essential to permit 
full logical verification during test. 






IMOX is a trademark of Advanced Micro Devices, Inc. ‘PAL is a registered trademark of Monolithic Memories, Inc. 04162A-PLP 

This document contains information on a product under development at Advanced Micro Devices, inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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FUNCTIONAL DESCRIPTION 

The AmPAL22V10 is a second generation Programmable Array 
Logic device. It contains a programmable fuse array organized in 
the familiar sum-of-products (AND-OR) structure. 


The block diagram below shows the basic architecture of the 
AmPAL22V10. There are up to 22 inputs and 10 outputs avail¬ 
able. The inputs are connected to a programmable AND array 
which contains 120 logical product terms. Initially the AND gates 
are connected, via fuses, to both the true and complement of 
every input. By selective programming of fuses the AND gates 
may be “connected” to only the true input (by blowing the com¬ 
plement fuse), to only the complement input (by blowing the true 
fuse), or to neither type of input (by blowing both fuses) estab¬ 
lishing a logical “don’t care”. When both the true and complement 
fuses are left intact a logical false results on the output of the AND 
gate. An AND gate with all fuses blown will assume the logical 
true state. The outputs of the AND gates are connected to fixed 
OR gates. There are an average of 12 product terms per OR gate 
(output) and as the block diagram shows, variable product term 
distribution has been implemented. This technique allocates dif¬ 
ferent quantities of logical product terms to different outputs, 
allowing more complex logical functions to be performed than 
were previously possible. Up to 16 logical terms can be evaluated 
in one output in a single clock cycle (no feedback necessary). 


A dramatic innovation in logic design is the implementation on the 
AmPAL22V10 of variable output architecture. This allows the 
user to program on an output by output basis the function of the 
outputs. As shown in the output logic Macrocell diagram below, 
each output cell contains two additional fuses (Rp and Pp). 
Rp controls whether the output will be registered or combinatorial. 
Pp controls the output polarity (active HIGH or active LOW). 
Depending on the states of these 2 fuses, an individual output will 
operate in one of four modes (see logic diagrams below): Regis¬ 
tered active LOW; Registered active HIGH; Combinatorial active 
LOW; Combinatorial active HIGH. (Note that the feedback path 
also changes with the output mode.) This innovation gives the 
designer more flexibility and enables him to optimize the device 
for precise application requirements. It also allows for better 
device utilization - you only program as many registers as 
are needed. 

To improve in-system functionality the AmPAL22V10 has addi¬ 
tional PRESET and RESET product terms. These terms are 
connected to all registered outputs. When the synchronous 
PRESET product term is asserted (HIGH) the output registers 
will be loaded with a HIGH on the next LOW-to-HIGH clock 
transition. When the asynchronous RESET product term is as¬ 
serted (HIGH) the output registers will be immediately loaded 
with a LOW (independent of the clock). These functions are 
particularly useful for applications such as system power-on and 
reset. 
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In order to simplify testing problems, the AmPAL22V10 is de¬ 
signed with unique PRELOAD circuitry that provides an easy 
method of testing registered devices for logical functionality. 
PRELOAD allows any arbitrary state value to be loaded into the 
PAL’s output registers. 

A typical functional test sequence would be to verify all possible 
state transitions for the device being tested. To verify these 
transitions requires the ability to set the state registers into an 
arbitrary “present state” value and to set the device inputs to any 
arbitrary “present input” value. Once this is done, the state 
machine is then clocked into a new state, or “next state”. The next 
state is then checked to validate the transition from the present 
state. In this way any state transition can be checked. 

Without PRELOAD, it is difficult and in some cases impossible to 
load an arbitrary present state value. This can lead to logic 
verification sequences that are either incomplete or excessively 
long. Long test sequences result when the feedback from the 
state register “interferes” with the inputs, forcing the state 
machine to go through many state transitions before it can reach 
an arbitrary state value. Therefore the test sequence will be 
mostly state initialization and not actual testing. The test se¬ 
quence becomes excessively long when a state must be re¬ 
entered many times to test a wide variety of input combinations. 

In addition, complete logic verification may become impossible 
when states that need to be tested can not be entered with normal 
state transitions. For example, the state which the machine pow¬ 
ers up into cannot be tested because it cannot be entered from 


the main sequence. Similarly, “forbidden” or don’t care states 
that are not normally entered need to be tested to ensure that they 
return to the main sequence. 

PRELOAD eliminates these problems by providing the capability 
to go directly to any desired arbitrary state. Thus test sequences 
may be greatly shortened, and all possible states can be tested, 
greatly reducing test time and development costs, and guaran¬ 
teeing proper in-system operation. 

The AmPAL22V10 is manufactured using Advanced Micro 
Devices’ IMOX^“ oxide isolation process. This advanced pro¬ 
cess permits an increase in density and a decrease in internal ca¬ 
pacitance resulting in the fastest possible programmable 
logic devices. 

The AmPAL22V10 is fabricated with AMD’s fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing an 
easily implemented programming algorithm, these products can 
be rapidly programmed to any customized pattern. Extra test 
words are preprogrammed during manufacturing to ensure ex¬ 
tremely high field programming yields {>98%), and provide extra 
test paths to achieve excellent parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large noncon- 
ductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible link program¬ 
mable logic. 



KEY TO LOGIC DIAGRAM 


PROGRAMMABLE 

CONNECTIONS 




Programmable AND Array 

PAL Logic Diagram Representation 
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Programmable AND Array 
Logic Equivaient 









LOGIC DIAGRAM AmPAL22V10 

INPUT LINES 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to hlSO-C 

Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous 

-0.5to+7V 

DC Voltage Applied to Outputs (Except During Programming) 

—0.5V to +Vcc Max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 

200mA 

DC Input Voltage 

-0.5 to +5.5V 

DC Input Current 

-30 to +5mA 

Ambient Temperature with Power Applied 

+ 125°C 


OPERATING RANGE 


Parameters Description 

Commercial 

Military 

Units 

Min 

Max 

Min 

Max 

Vcc 

Supply Voltage 

4.75 

5.25 

4.50 

5.50 

V 

Ta 

Operating Free Air 
Temperature 

0 

75 

-55 


°c 

Tc 

Operating Case 
Temperature 




125 

“C 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Advanced Information 

Typ 


Parameters 

Description 

Test Conditions 


Min 

(Note 1) 

Max 

Units 

jQIIIIII 

Output HIGH Voltage 

Vcc = min. 

lOH = -3.2mA 

COM'L 

B 

D 


Volts 

V|N = ViH or V|L 

lOH = -2mA 

MIL 



Output LOW Voltage 

Vcc = min, 

Iql = 24mA 

COM’L 



0.50 


V|N = V|H or V|L 


MIL 



V|H 

(Note 2) 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 




Volts 

V|L 

(Note 2) 

Input LOW Level 

Guaranteed input logical LOW voltage for all inputs 




Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.40V 


-20 

-250 

ebh 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

II^EI 

l| 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 



1.0 

nmoniii 

isc 

Output Short Circuit Current 

Vcc = max, Vqut = O-SV (Note 3) 

-30 

-60 



'cc 

Power Supply Current 

All Inputs = GND, Vcc = MAX 


120 

mol 

mA 

V| 

Input Clamp Voltage 

Vcc = MIN, l|N = -18mA 


-0.9 

BB 

Volts 

Iqzh 

Output Leakage Current 

Vcc = max, V|l = 0.8V 

Vo = 2.7V 



100 

im 

Iqzl 

(Note 4) 

V|H = 2.0V 

Vo = 0.4V 



-100 

iSHI 

Input Capacitance 

ViN = 2.0V @f = 1 MHz (Note 5) 


6 


B 


Output Capacitance 

VoUT = 2.0V @f = 1 MHz (Note 5) 


9 



Notes: 1. Typical limits are at Vqc = 5.0V and = 25°C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vqut = 0.5V 
has been chosen to avoid test problems caused by tester ground degradation. 

4. I/O pin leakage is the worst case of Iqzx or lix (where X = H or L). 

5. These parameters are not 100% tested, but are periodically sampled. 

2-39 

































































SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 
Advanced Information _ 




COM’L 

MIL 

Units 

Test 

Parameters Description Conditions 

Typ 

(Hotel) 

“A” 

“Std” 

“A” 

“Std” 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tPD 

Input or Feedback to 
Non-Registered Output 

COM'L 

Rl = 200 

R2 = 390 

MIL 

Rl = 390 

R2 = 750 

m 









ns 

tEA 

Input to Output Enable 

■■ 










tER 

Input to Output Disable 



■■ 

■■ 







tco 

Clock to Output 

10 









^^B 

ts 

Input or Feedback Setup Time 

18 










tH 

Hold Time 








B 


ns 

tp 

Clock Period 






B 


n 


ns 

% 

Clock Width 










ns 

fMAX 

Maximum Frequency 









^B| 

MHz 


Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 

2. tpD is tested with switch Si closed and Cl = 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 
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POWER-UP RESET 

The registered devices in the AMD PAL family have been de¬ 
signed with the capability to reset during system power-up. Fol¬ 
lowing power-up, all registers will be zero, setting the outputs to 
all ones. This feature provides extra flexibility to the designer 
and is especially valuable in simplifying state machine initializa¬ 
tion. A timing diagram and parameter table are shown below. 
Due to the asynchronous operation of the power-up reset and 
the wide range of ways Vcc can rise to its steady state, two 
conditions are required to insure a valid power-up reset. These 
conditions are: 



Parameters 

Description 

Min Typ 

Max Units 

'pr 

Power-Up 

Reset Time 

600 

1000 ns 


Input or Feedback 
Setup Time 

See Switchino Characteristics 


Clock Width 




1. The Vqq rise must be monotonic. 

2. Following reset, the clock input must not be driven from low 
to high until all applicable input and feedback setup times 
are met. 

Following power-up, all registers are set to zero, setting all out¬ 
puts to one. This provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. 
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PROGRAMMING AND VERIFICATION 


The AmPAL22V10 is programmed and verified using AMD’s 
standard programmable logic programming algorithm. The fuse 
to be programmed is selected by input line number (array 
column), product term (array row), and by output (one at a time). 
The fuse is then programmed and verified by applying a 
simple sequence of voltages to two control pins (1 and 13). 

Input line numbers (0 - 43) are addressed using a full decode 
scheme via TTL levels on pins 6 - 11 where 6 is the LSB and 11 is 
the MSB. Even numbered input lines represent the true version of 
a signal and odd numbered lines represent the complement. 
Input line addressing is shown in Table 1. Note that input lines 44 
- 62 are reserved for further expansion and input line 63 is 
utilized for selecting the fuses used for programming output po¬ 
larity and whether the output is registered or combinatorial. 

Product terms are addressed using a one-of-24 addressing 
scheme on pins 2-5 where pin 2 is the LSB and 5 is the MSB. 
Product term addressing is shown in Table 2. Logical product 
terms (0-15) are selected via TTL levels on the four addressing 
pins. Note that outputs with fewer than 16 product terms will 
decode blank space for decoding values greater than the number 
of product terms on that output. Architectural product terms are 
selected by placing a zener voltage level (Vhh) on the MSB (pin 
5) and using pins 2 - 4 for an additional eight decoding states 
(only 5 are used). The specific decoding of architectural features 
is best shown in Table 2. 

Fuse selection by output must be done one output at a time 
(following control pin 1 going to Vhh) as shown in the pro¬ 
gramming timing diagram (Figure 1). 


Once fuses have been selected, the simple programming and 
verification sequence may be completed as shown in Figure 1. 
AC and DC requirements for programming are shown in the 
programming parameter table. 

SECURITY FUSE PROGRAMMING 

A single fuse is provided on each AmPAL22V10 part to prevent 
unauthorized copying of PAL fuse patterns. Once blown, the 
circuitry enabling fuse verification and registered output preload 
is permanently disabled. 

Programming of the security fuse is the same as shown before. 
Verification of a blown security fuse is accomplished by verifying 
the whole fuse array as if every fuse is blown. 

PROGRAMMING YIELD 

AMD PALs have been designed to insure extremely high pro¬ 
gramming yields (>98%). To help insure that a part was correctly 
programmed, once programming is completed, the entire fuse 
array should be reverified at both low and high Vcc- Reverifica¬ 
tion can be accomplished by reading all ten outputs in parallel 
rather than one at a time. This verification cycle checks that the 
array fuses have been blown and can be sensed by the outputs 
under varying conditions. 

AMD PALs contain many internal test features, including circuitry 
and extra fuses which allow AMD to test the ability of each part to 
perform programming before shipping, to assure high program¬ 
ming yields and correct logical operation for a correctly program¬ 
med part. Programming yield losses are most likely due to poor 
programming socket contact, programming equipment out of 
calibration, or improper usage of said equipment. 


PROGRAMMING PARAMETERS (Ta = 25»C) 


Parameters 


Vhh 


Vqp 

V|HP 

V|LP 

VcCP 

VCCL 

VcCH 

VbIowh 

dVop/dt 

dVi3/dt 


tp 


_|p_ 

jv_ 

Vqnp 

R 


Description 


Control Pin Extra High Level 


Pin 1 @ 10-40mA 
Pin 13 @ 10-40mA 


Program Voltage Pins 14-23 @ 15-200mA 

Input High Level During Programming and Verify 

Input Low Level During Programming and Verify 

Vcc During Programming @ Ice = 50-200mA 

Vcc During First Pass Verification @ Ice = 50-200mA 

Vcc During Second Pass Verification @ Ice = 50-200mA 

Successful Blown Fuse Sense Level @ Output 

Rate of Output Voltage Change 

Rate of Fusing Enable Voltage Change (Pin 13 Rising Edge) 

Fusing Time First Attempt 

Subsequent Attempts 

Delays Between Various Level Changes 

Period During which Output is Sensed for Vbiowh Level 

Pull-Up Voltage On Outputs Not Being Programmed 

Pull-Up Resistor On Outputs Not Being Programmed 


Min Typ 


10 

10 

18 

2.4 
0.0 

5 

4.1 

5.4 


20 

100 

40 

4 


11 

11 

20 

5 

0.3 

5.2 

4.3 
5.7 
0.3 


50 

5 


100 


200 


VcCP - 0.3 
1.9 


Vccp 

2 


Max 

12 

12 

22 

5.5 

0.5 

5.5 

4.5 
6.0 
0.5 
250 
1000 
100 


Units 


Volts 


Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

V/;nsec 

VZ/isec 

/isec 




























AmPAL22V10 PROGRAMMING EQUIPMENT INFORMATION 



The machines noted above have been qualified by AMD to insure high programming yields. Check with the factory to determine the current 
status of vendors noted TBA or other available models. 



PROGRAMMING WAVEFORMS 

PIN 5 ! 
















TABLE 1. INPUT ADDRESSING 



28 

29 

30 

31 


Architecture row 


TABLE 2. COLUMN NUMBER ADDRESSING 


Column Number 


Column Number Select 
Address Pin States 
5 4 3 2 


Pin Pin Pin Pin 

20 19 18 17 


Programming Access and Verify Pin 


Pin "" ''“-P 

14 ^ = ''IHP 

HH = Vhh 


Output Enable 
Output Polarity 

Register/Non-Register Output 
•Asynchronous Reset 
••Synchronous Preset 
Security Fuse (Special 
Verify Required) 
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ORDERING INFORMATION 


AmPAL22V10 


M B 


Package - 

D = Hermetic DIP 
L = Chip-Pak 

P = Molded DIP (Commercial Only 


to Be Announced) 


Screening 

* = Standard Process Flow 
B = Burned-In 


Temperature Range 
C = Commercial 
M = Military 


*A blank in this position of the ordering code indicates the part has been screened to standard process flow. 


PHYSICAL DIMENSIONS 
Dual In-Line 


D-24-1AA P-24-1 AA 

Hermetic DIP Molded DIP 
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DISTINCTIVE CHARACTERISTICS 

• Implements complex state machines 

• 64 words of 32-bit wide microprogram memory 

• 16 control outputs 

o 7 conditional test inputs 

• Cascadable to any width 

• High level instruction set 

- conditional 

- conditional looping 

- conditional subroutine call 

- multiway branch 

• SSR™ diagnostics on chip 


AmPL64S16 

Fuse Microprogrammable Controllers 
Advanced Micro Devices 


FUNCTIONAL DESCRIPTION 

The AmPL64S16 is a single-chip Fuse Microprogrammable 
Controller (FMC) which allows complex control sequences to 
be implemented by programming the desired series of mi¬ 
croinstructions. Because the AmPL64S16 FMC is micropro¬ 
grammable, designers can easily design complex state 
machines without the need for Karnaugh Map or Boolean 
Equation design techniques. State machines may be con¬ 
structed directly from high-level microinstruction control flow 
definitions. Jumps, loops and subroutine calls, which can be 
conditionally executed based bn the test inputs, provide the 
designer with powerful control flow primitives. 

A microprogram address sequencer is the heart of the FMC. 
It provides the microprogram address to an internal 64 word 
by 32-bit PROM. Instructions such as loop, subroutine call, 
or branch can be executed conditionally based on the values 
on the test inputs. The 32-bit microinstruction pipeline reg¬ 
ister holds the sequencer instruction access time. 



SSR is a trademark of Advanced Micro Devices, Inc. 04179A-PLP 

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Ann27S12A‘Am27S13A 

Am27S12*Ann27S13 

2048-Bit Generic Series Bipolar PROM 
(512 X 4 bits with ultra fast access time) 

“A” VERSION ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• High Speed - 30ns max commercial range access time 

• Excellent performance over full MIL and 
commercial ranges 

• Highly reliable, ultra-fast programming Platinum- 
Silicide fuses 

• High programming yield 

• Low current PNP inputs 

• High current open collector and three-state outputs 

• Fast chip select 

• Access time tested with N2 patterns 

• Pin for pin replacements for industry standard products 

• Common Generic PROM series electrical characteristics 
and simple programming procedures 


GENERIC SERIES CHARACTERISTICS 

The Am27S12A/12 and Am27S13A/13 are members of an 
Advanced PROM series incorporating common electrical 
characteristics and programming procedures. All parts in 
this series are produced with a fusible link at each memory 
location storing a logic LOW and can be selectively pro¬ 
grammed to a logic HIGH by applying appropriate voltages 
to the circuit. 

All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
personality card sets) these products can be rapidly pro¬ 
grammed to any customized pattern. Extra test words are 
pre-programmed during manufacturing to insure extremely 
high field programming yields, and produce excellent para¬ 
metric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible 
link PROMs. 

Commori design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. 
Selective feedback techniques have been employed to 
minimize delays through all critical paths producing the 
fastest speeds possible from Schottky processed PROMs. 


FUNCTIONAL DESCRIPTION 

The Am27S12A/12 and Am27S13A/13 are high speed 
electrically programmable Schottky read only memories. 
Organized in the industry standard 512 x 4 configuration, 
they are available in both open collector Am27S12A/12 and 
three-state Am27S13A/13 output versions. After program¬ 
ming, stored information is read on outputs O 0 -O 3 by ap¬ 
plying unique binary addresses to Aq-As and holding the 
chip select input, CS, at a logic LOW. If the chip select input 
goes to a logic HIGH, O 0 -O 3 go to the off or high im¬ 
pedance state. 


BLOCK DIAGRAM 



CONNECTION DIAGRAMS - Top Views 


DIP 


Chip-Pak™ 

L-20-1 



Note: Pin 1 is marked for orientation. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to -f150“C 

Temperature (Ambient) Under Bias 

-55 to -i-125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 to-f 7.0V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to +Vcc max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current into Outputs During Programming (Max Duration of 1 sec) 

250mA 

DC Input Voltage 

-0.5to+5.5V 

DC Input Current 

-30 to -i-5mA 


OPERATING RANGE 

Range Vcc Temperature 


COML 

4.75 to 5.25V 

Ta - 0 to +75°C 

MIL 

4.5 to 5.5V 

Tc -- -55 to -r125°C 


LOGIC SYMBOL 



VqC ^ 

GND - Pin 8 03208A-4 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 


Parameters 

Description 

Test Conditions 


Min 

(Note 1) 

Max 

Units 

VoH (Note 2) 

Output HIGH Voltage 

Vqc = MIN, Iqi-| — — 2.0mA 

V|N =V|H orViL 

2.4 



Volts 

^OL 

Output LOW Voltage 

Vqq =■ MIN, loL~ 16mA 

VlN =ViHOrV|L 



0.45 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 3) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 3) 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = MAX, V|N = 0.45V 


-0.010 

-0.250 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

fiA 

Isc (Note 2) 

Output Short Circuit Current 

Vcc = max, Vqut = O.OV (Note 4) 

-20 

-40 

-90 

mA 

'cc 

Power Supply Current 

All inputs = GND 

Vcc = max 


100 

130 

mA 

V| 

Input Clamp Voltage 

Vcc = min, I|n 

= -IBmA 




-1.2 

Volts 



Vcc = max 

Vcs = 2.4V 


Vq = 4.5V 



40 


'CEX 

Output Leakage Current 

(Note 2) 

Vo = 2.4V 



40 

/xA 



Vo = 0.4V 



-40 


C|N 

Input Capacitance 

V|N = 2.0V @1 

= 1MH2(Note5) 



4 


PF 

Cqut 

Output Capacitance 

Vqut = 2.0V @ f = 1MHz (Note 5) 


8 



Notes: 1. Typical limits are at Vqc = 5.0V and Ta = 25°C. 

2. This applies to three-state devices only. 

3. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Do not attempt to 
test these values without suitable equipment. 

4. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

5. These parameters are not 100% tested, but are periodically sampled. 
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Am27S18A‘Am27S19A 

Am27S18»Am27S19 

256-Bit Generic Series Bipolar PROM 
(32x8 bits with ultra fast access time) 

“A” VERSION ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• Highspeed - 25ns max commercial range access time 

• Excellent performance over full MIL and 
commercial ranges 

• Highly reliable, ultra-fast programming Platinum- 
Sillcide fuses 

• High programming yield 

• Low current PNP inputs 

• High current open collector and three-state outputs 

• Fast chip select 

• Access time tested with patterns 

• Pin for pin replacements for industry standard products 

• Common Generic PROM series electrical characteristics 
and simple programming procedures 


FUNCTIONAL DESCRIPTION 

The Am27S18A/18 and Am27S19A/19 are high speed elec¬ 
trically programmable Schottky read only memories. 
Organized in the industry standard 32 x 8 configuration, 
they are available in both open collector Am27S18A/18 and 
three-state Am27S19A/19 output versions. After pro¬ 
gramming, stored information is read on outputs O 0 -O 7 by 
applying unique binary addresses to A 0 -A 4 and holding 
the chip select input, CS, at a logic LOW. If the chip select 
input goes to a logic HIGH, O 0 -O 7 go to the off or high 
impedance state. 


GENERIC SERIES CHARACTERISTICS 

This Am27S18A/18 and Am27S19A/19 are members of an 
Advanced PROM series incorporating common electrical 
characteristics and programming procedures. All parts in 
this series are produced with a fusible link at each memory 
location storing a logic LOW and can be selectively pro¬ 
grammed to a logic HIGH by applying appropriate voltages 
to the circuit. 

All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
personality card sets) these products can be rapidly 
programmed to any customized pattern. Extra test words 
are pre-programmed during manufacturing to insure 
extremely high field programming yields, and produce 
excellent parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large 
non-conductive gaps that ensure very stable long-term 
reliability. Extensive operating testing has proven that this 
low-field, large-gap technology offers the best reliability for 
fusible link PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. 
Selective feedback techniques have been employed to 
minimize delays through all critical paths producing the 
fastest speeds possible from Schottky processed PROMs. 


BLOCK DIAGRAM 



CONNECTION DIAGRAMS 
Top Views 


DIP 


Chip-Pak^ 

L-20-1 




03209A-3 

Note: Pin 1 is marked for orientation. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to -M50°C 

Temperature (Ambient) Under Bias 

-55 to -h125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 to -h7.0V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to -I-Vcc Tax 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current into Outputs During Programming (Max Duration of 1 sec) 

250mA 

DC input Voitage 

-0.5 to +5.5V 

DC Input Current 

-30 to -f5mA 


OPERATING RANGE 

Range Vcc Temperature 


COM'L 

4.75 to 5.25V 

Ta = 0 to -(-75°C 

MIL 

4.5 to 5.5V 

Tc = -55 to -I-125X 



LOGIC SYMBOL 


10 - 

Ao 


11 - 

Al 


12 - 



13 - 

A3 32X8 PROM 


14 - 

*4 


,5— <5 



0 

0 

0 

0 

0 

0 

0 



1 1 1 1 1 M 1 

1 2 3 4 5 6 7 9 


Vqc = Pin 16 
GND= Pine 


03209A-4 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 

Parameters Description Test Conditions Min (Note 1) Max Units 


VoH (Note 2) 

Output HIGH Voltage 

Vcc = min, Iqh = -2.0mA 

V|N = VlHOrViL 

2.4 



Volts 

Vql 

Output LOW Voltage 

Vcc = min, loL= 16mA 

V|N = V|HorViL 



0.45 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 3) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 3) 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.45V 


-0.010 

-0.250 

mA 

IlH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

fiA 

'sc (Note 2) 

Output Short Circuit Current 

Vcc = max, Vout = O.OV (Note 4) 

-20 

-40 

-90 

mA 

'cc 

Power Supply Current 

All inputs = GND, Vcc = MAX 


90 

115 

mA 

V| 

Input Clamp Voltage 

Vcc “ MIN, Ijfg = —18mA 



-1.2 

Volts 

ICEX 

Output Leakage Current 

Vcc “ max 

V^ = 2.4V 


Vq = 4.5V 



40 

/liA 

(Note 2) 

Vq = 2.4V 



40 

Vq = 0.4V 



-40 

C|N 

Input Capacitance 

V|N = 2.0V @ t = 1MHz (Note 5) 


4 


pF 

Cqut 

Output Capacitance 

VoUT = 2.0V @ f = 1MHz (Note 5) 


8 



Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25°C. 

2. This applies to three-state devices only. 

3. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

4. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

5. These parameters are not 100% tested, but are periodically sampled. 
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Am27S20A • Am27S21A 
Am27S20*Am27S21 

1024-Bit Generic Series Bipolar PROM 
(256 X 4 bits with ultra fast access time) 

“A” VERSION ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• High Speed - 30ns max commercial range access time 

• Exceilent performance over full MIL and 
commercial ranges 

• Highly reliable, ultra-fast programming Platinum- 
Silicide fuses 

• High programming yield 

• Low current PNP inputs 

• High current open collector and three-state outputs 

• Fast chip select 

• Access time tested with N2 patterns 

• Pin for pin replacements for industry standard products 

• Common Generic PROM series electrical characteristics 
and simple programming procedures 


GENERIC SERIES CHARACTERISTICS 

The Am27S20A/20 and Am27S21A/21 are members of an 
Advanced PROM series incorporating common electrical 
characteristics and programming procedures. All parts in 
this series are produced with a fusible link at each memory 
location storing a logic LOW and can be selectively pro¬ 
grammed to a logic HIGH by applying appropriate voltages 
to the circuit. 

All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
personality card sets) these products can be rapidly pro¬ 
grammed to any customized pattern. Extra test words are 
pre-programmed during manufacturing to insure extremely 
high field programming yields, and produce excellent para¬ 
metric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible 
link PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. 
Selective feedback techniques have been employed to 
minimize delays through all critical paths producing the 
fastest speeds possible from Schottky processed PROMs. 


FUNCTIONAL DESCRIPTION 

The Am27S20A/20 and Am27S21A/21 are high speed 
electrically programmable Schottky read only memories. 
Organized in the industry standard 256 x 4 configuration, 
they are available in both open collector Am27S20A/20 and 
three-state Am27S21A/21 output versions. After program¬ 
ming, stored information is read on outputs O 0 -O 3 by ap¬ 
plying unique binary addresses to Aq-A/ and holding chip 
select inputs, CSi and CS 2 , at a logic LOW. If either chip 
select input goes to a logic HIGH, O 0 -O 3 go to the OFF or 
high impedance state. 


BLOCK DIAGRAM 



CONNECTION DIAGRAMS - Top Views 


DIP 


Chip-Pak"“ 

L-20-1 




03206A-2 

Note; Pin 1 is marked for orientation. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

—65 to -i-150°C 

Temperature (Ambient) Under Bias 

-55 to ■f125°C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 

-0.5 to -I-7.0V 

DC Voltage Applied to Outputs (Except During Programming) 

-0.5V to +Vcc max 

DC Voltage Applied to Outputs During Programming 

21V 

Output Current into Outputs During Programming (Max Duration of 1 sec) 

250mA 

DC Input Voltage 

-0.5 to -h5.5V 

DC Input Current 

-30 to -l-5mA 


OPERATING RANGE 

Range Vcc Temperature 


COM'L 

4.75 to 5.25V 

Ta = Oto -t-TS^C 

MIL 

4.5 to 5.5V 

Tc= -55to-H25'’C 


LOGIC SYMBOL 



GND = Pin 8 03206A-4 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ 

Parameters Description Test Conditions Min (Notel) Max Units 


VoH (Note 2) 

Output HIGH Voltage 

Vqq = MIN, = —2.0mA 

V|N = V|H or V|L 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vqq = MIN, Iql = 16nnA 

V|N = ViHOrViL 



0.45 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all Inputs (Note 3) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 3) 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.45V 


-0.010 

-0.250 

mA 

l|H 

Input HIGH Current 

Vcc = max, Vjn = 2.7V 



25 

fjiA 

Isc (Note 2) 

Output Short Circuit Current 

Vcc = max, Vqut = O.OV (Note 4) 

-20 

-40 

-90 

mA 

icc 

Power Supply Current 

All inputs = GND 

Vcc = max 


100 

130 

mA 

V| 

Input Clamp Voltage 

Vcc — min, I|n = —18mA 



-1.2 

Volts 

IcEX 

Output Leakage Current 

Vcc = max 

McSi = 2.4V 


Vo = 4.5V 



40 

fxA 

(Note 2) 

Vq = 2.4V 



40 

Vo = 0.4V 



-40 

C|N 

Input Capacitance 

V|N = 2.0V @ f = 1MHz (Note 5) 


4 


pF 

Gout 

Output Capacitance 

Vqut = 2.0V @ f = 1MHz (Note 5) 


8 



Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25‘’C. 

2. This applies to three-state devices only. 

3. These are absolute voltages with respect to device ground pin and include all overshoots due to system and/or tester noise. Do not attempt to 
test these values without suitable equipment. 

4. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

5. These parameters are not 100% tested, but are periodically sampled. 
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How to Design with PALs 


Since any Boolean function can be expressed in the sum-of- 
products form, any logic function can be implemented in a 
PAL as long as the number of inputs, outputs and product 
terms required to perform the function do not exceed what is 
available in the device. There are many ways of deriving this 
sum-of-products form, one common way is by the use of 
Karnaugh maps (K-Maps). When implementing functions in 
PALs with active HIGH outputs (AND-OR), the usual method 
of grouping the “1”s will produce the desired equations (see 
Figure la). However, when using PALs with active LOW out¬ 
puts (AND-OR-INVERT), the sum-of-products equations are 
obtained by grouping the “0”s (Figure 1b). Grouping the “0”s 
instead of the “1'’s has the effect of inverting the equations. 
This is a convenient technique for generating inverted logic 
for use with active LOW PALs. 

When using PALs, the term “product term’’ is often used. This 
is simply another way of describing an AND function. Refer¬ 
ring again to Figure la, since there are 3 logical AND terms in 


the function equation, we would say that it would require 3 
product terms to perform that function. The phrase “product 
term’’ is often abbreviated as “PT”. 


A demonstration of an early methodology used to relate logic 
equations to the internal structure of PALs is shown in the 
design example. This is a technique which relies on the hand 
generation of fuse maps. As you might imagine, it is slow and 
extremely cumbersome, but is included for the interested 
reader. Instead, to aid in the development of PAL designs, a 
software tool called PALASM has been developed. This tool 
greatly speeds the development of PAL designs. AMD offers 
a version of this called AMPALASM20, which supports all 
AMD 20-pin PALs, and offers improved ease of use and error 
detection. AMPALASM20 has been used in most of the ex¬ 
amples in this section. Its use is described more fully in 
Section 4 of this handbook. 



Figure 1. Using K-Maps for Obtaining the 

Sum-of-Products Form of PAL Logic 
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INTRODUCTION TO FUSE MAPS AND DESIGN 
EXAMPLES 


Prior to the availability of PALASM as a tool to aid in the 
development of PAL designs, all designs were generated by 
hand using a technique which depended upon fuse maps. 
With this technique the designer was required to actually 
identify the individual fuses which needed to be blown to 
implement the desired function. While this technique is no 
longer used, it is still useful, as an understanding of it pro¬ 
vides a firm foundation in physical reality of how a PAL im¬ 
plements a function. 

As a demonstration of this methodology, we will use the arbi¬ 
trary circuit shown in Figure 2 as an example for selecting 
and coding a PAL. This example shows the technique of 
using a PAL once the logic diagram has been developed. 
Again, this technique is no longer used, as it is much easier to 
simply generate the equations directly as input to PALASM. 



Boolean equations for Figure 2 are: 

01 = /II 
02 = /I1*12 
03 = II -h 13 
04 = /(/I3*I4) 

05 = /(/I3*I5*I6 -F 17 -f 18*19) 

06 = /(18*19 -F /I3*/I7*I9*I10) 

The next step is to select the particular PAL we want to use 
for this function. Since no registers are required, we should 
select from the combinatorial devices (AmPAL16L8, 
AmPAL16Ft8, AmPAL16LD8 or AmPAL16FID8). Since 3 out¬ 
puts have AND-OR functions and 3 outputs have AND-OR- 
INVERT functions, we could still select from either active 
HIGH or active LOW (H or L) parts, but since the more com¬ 
plex functions are AND-OR-INVERT,the active LOW(L) series 
is most likely. Finally, we see that no output enable is re¬ 
quired, thus we could use either the AmPAL16L8 or the 
AmPAL16LD8. For the purposes of this example we will 
select the AmPAL16L8. 

Now, since we have selected an AmPAL16L8 (which has 
inverting outputs) we need to apply DeMorgan’s theorem to 
convert these equations from the active HIGH to the active 
LOW output. DeMorgan’s theorem can be used to convert 
any logic equation in any form into the AND-OR structure 
used in PALs. Applying DeMorgan’s theorem gives the active 
LOW form of the equation: 

/01 = II 


The first step is to generate the Boolean equations for this 
function. These are derived directiy from the logic diagram. (It 
should be noted that good design practice is to use mean¬ 
ingful pin names rather than 1^ or Og. This will help in pro¬ 
viding good design documentation.) 

The following symbols will be used for all logic equations: 

* = AND -F = OR / = NOT (invert) 


/02 = II -F /I2 
/03 = /Il*/I3 
/04 = /I3*I4 

/05 = /I3*I5*I6 -F 17 + 18*19 
/06 = 18*19 -F /I3*/I7*I9*I10 
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We can now determine which fuses need to be programmed 
for the PAL to perform this function. Figure 3 shows the con¬ 
ventions which are used when coding fuse maps. 

Figure 4 shows the iogic diagram of the AmPAL16L8. We will 
assign outputs Oi-Oe to pins 14-19, and inputs li-lioto pins 
2-9,11 and 13. 

Oi is assigned to pin 19. To make this output the inverse of li, 
ieave input line 0 connected (not blown) to product term 1 and 
blow all the remaining fuses on that product term. This is in¬ 
dicated by theXattheintersectionof input iineOand product 
term 1 in Figure 4. 

Since the other inputs to the OR gate are unused, they are 
forced to zero by ieaving aii the fuses intact on product terms 


2-7. As shown in Figure 3, unused product terms (those with 
all fuses intact) are indicated byXs in the small AND gates at 
the NOR gate inputs. 

The final consideration for 0^ is the output enable. By refer¬ 
ring back to either the logic diagram for the circuit (Figure 2) 
or the Boolean equation, we see that there is no output 
enable function for O^. In other words, O^ should be enabled 
all the time. Referring to Figure 4, we see that product term 0 
controls the output enable function for O^. To have the output 
always enabled, we blow all the fuses in product term (PT) 0. A 
product term with all fuses blown is always HIGH, so this will 
leave the three-state gate always on, and the output will 
always be enabled. 


INPUT LINE NUMBER 
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Symbols 


(L) 

Low 

(H) 

High 

(N) 

Negative 

(P) 

Positive 

(0) 

Zero 

(1) 

One 

i 

t- 

Fuse intact 

H 

- 

Fuse blown 


Figure 3. Coding Conventions 
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Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 





0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


-ij(- = Fuse intact —[x>— = All fuses intact —|— = Fuse blown 


Figure 4. Logic Diagram for Function of Figure 1 Using the AmPAL16L8 
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The next output, O 2 , is the AND function of ii and i 2 . Again, 
since we are using an “L” device, we must appiy DeMorgan’s 
theorem and use the inverted form. Since we want to have 
02 = h + 12 ^, we first ieave input iine 0 (I 1 ) connected to PT 9 
and blow the rest of the fuses on that product term. Then 
since we have an OR (+) function, we go to the next product 
term, and leave input line 5 (I 2 ) connected to PT 10. 

Since PT 11-15 will be unused, we indicate this as we did in 
O 1 , by putting a X in the AND gate at the input to the NOR 
gate. Also, since we want O 2 to be always enabled, we leave 
PT 8 blank, indicating that all of the fuses in that product term 
should be programmed. 

Output O 3 is the AND of h and I 3 . To implement this, we leave 
input line 1 connected to PT 17._Since we want an AND func¬ 
tion, we also leave input line 9 (I 3 ) connected to PT 17. These 
connections are indicated by Xs. We then blow the rest of the 
fuses in PT 17. Since the rest of the product terms are unused, 
we place an X in the AND gates for PT 18-23. Again, we leave 
PT 16 blank, which will leave O 3 always enabled. 

Output O 4 is very similar to O 3 . ln_order to generate this AND 
function, we leave input line 9 (I 3 ) and input line 12 (I 4 ) con¬ 
nected to PT 25, and program the remainder of the fuses in PT 


25. We again indicate that the rest of the product terms are 
unused, and the output is always enabled. 

Output O 5 is generated by ANDingls, I 5 , and Is on PT 33, con¬ 
necting I 7 to PT 34, ANDing Is and I 9 on PT35, and leaving PT 
36-39 unused. 

Output 1^6if generated by ANDing Is and I 9 on PT 41 and 
ANDing 13 , 17 , Igand 1 10 on PT 42. Product terms 43-47 are left 
unused. 

Since pins 12 and 13 are not being used asoutputs, Xs are put 
in the AND gates for all of those product terms. 

The completed fuse map is shown in Figure 4. 

As you can see, any function can be put into the sum-of-prod- 
ucts form and then used to generate a fuse map. However, it 
can be very time consuming to generate these maps by hand. 
Therefore, AMD has developed a software tool called 
AMPALASM20 which will automatically generate the fuse map 
from the Boolean equations. This softwaretool is described in 
Section 4, but for comparison purposes. Figures 5 and 6 show 
abbreviated input and output data for AMPALASM20. 


PAL16L8 

PATOOl 

DESIGN EXAMPLE 
ADVANCED MICRO DEVICES 
NC II 12 13 14 15 16 17 

19 NC 110 06 05 04 03 02 


/01 = II 

/02 =11 + 

/I2 

/03 = /I1-:7I3 

/04 = /I3-"^I4 

/05 = /I3^:-I5-"-I6 -f 

17 -F 

I8-“-I9 

/06 = I8^'='I9 + 

/I3^VI7-:^I9^>I10 

03862A-42 

Figure 5. Abbreviated AMPALASM20 Input 


PAL DESIGN SPECIFICATION 
MITCH RICHMAN 4/7/83 


18 GND 
01 VCC 
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DESIGN EXAMPLE 








11 

nil nil 

2222 

2222 

2233 


0123 

4567 

8901 

2345 6789 

0123 

4567 

8901 


1 X- 

— 

— 

—^- 

_ 

_ 

_ 

11 

2 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


3 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


4 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


5 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


6 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


7 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


9 X- 

_ 

_ 


_ 

_ 

_ 

11 

10- 

-X— 

— 


— 

— 

— 

/I2 

11 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


12 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


13 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


14 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


15 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


16- 

17 -X— 

— 

-X— 


— 

— 

— 

/Il*/I3 

18 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


19 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


20 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


21 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


22 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


23 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 










25- 

— 

-X— 

X- 

_ 

_ 

_ 

/I3»I4 

26 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


27 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


28 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


29 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


30 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


31 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


32- 

_ 

_ 


_ 

_ 

_ 


33- 

— 

-X— 

-X- 

X- 

— 

— 

/I3*I5*I6 

34- 

— 

— 


— 

X- 

_ 

17 

35- 

— 

— 


— 

— 

x-x- 

18*19 

36 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


37 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


38 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


39 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


40- 

_ 

_ 


_ 

_ 

_ 


41- 

— 

— 


— 

— 

x-x- 

18*19 

42- 

— 

-X— 


— 

-XX- 

—X- 

/I3*/I7*I9*nO 

43 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


44 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


45 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


46 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


47 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


48 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


49 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


50 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


51 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


52 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


53 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


54 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


55 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


56 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


57 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


58 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


59 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


60 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


61 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


62 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


63 XXXX 

XXXX 

XXXX 

XXXX XXXX 

XXXX 

XXXX 

XXXX 


LEGEND: 

X : 

FUSE 

NOT BLOWN (L,N,0) 

- : FUSE BLOWN (H,P,1) 

NUMBER OF FUSES BLOWN = 493 
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Figure 6. 

AMPALASM20 Output Fuse Map 
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Complex Functions 

Most complex functions can be built up from smaller func¬ 
tional building blocks that are easy to understand and 
design. This section will show some techniques for design¬ 
ing several common functional blocks that can be tailored for 
specific applications and used to build up the desired PAL 
designs. Each block includes a PAL DESIGN SPECIFICA¬ 
TION, a compiled AMPALASM20 output, and a fuse map of 
the desired function. 

Control Functions 

An important feature of PALs with registers is the availability 
of registered outputs as inputs to the programmable array. 
This feedback is often used to configure PALs into state se¬ 
quencers. Feedback also gives an easy way to create a de¬ 
vice with a “clock enable”. The purpose of disabling the clock 
is to prevent the contents of the output registers from chang¬ 
ing (retain the same state). This result is easily obtained by 
feeding back the contents of the registers and having these 
values be clocked back in. In this way, the clock is not ac¬ 
tually disabled, but the desired effect is achieved. 

Another feature of PALs is programmable I/O pins. One prod¬ 
uct term controls a three-state driver whose output is fed- 
back as an array input as well as connected to a pin. Thus, if 
the three-state driver is disabled (high impedance state), the 
pin can be used as an input. This makes these pins perfect for 
use as bidirectional lines for such purposes as shifting data 
serially. 

Several common “special” functions, such as clearing and 
setting, can be incorporated into PALs with ease. The clear 


function is performed by disabling all of the AND-gates, 
causing the output of the register to go LOW. On the other 
hand, the set function is performed by forcing one product 
term HIGH, causing the output of the register to go HIGH. 
Loading the registers with data is another common function 
and, for each bit, can be accomplished by selecting one AND- 
gate to pass the input data to the registers while disabling 
the remaining AND-gates. In general, a control or logic func¬ 
tion is performed by selecting the necessary AND-gates and 
deselecting all others unused by the function. 


EXCLUSIVE-OR 

An Exclusive-OR(XOR) is often used as a selective inverter or 
digital comparator. The XOR (2-input) performs the following 
function: if either of the inputs is HIGH, but not both, then the 
output is HIGH. The function table and logic equation of the 
2-input XOR appearing in Figure 7 shows this graphically. The 
logic equation can be derived through the use of a Karnaugh 
map if desired. The logic diagram and logic symbol for the 
2-input XOR appear in Figure 8. 

XORs of more than two inputs are often used for Modulo-2 
arithmetic and odd parity generation. Intuitively, the multiple 
input XOR is HIGH when an odd number of inputs are HIGH. 
Figure 9 shows the Karnaugh map for a 4-input XOR. Notice 
that due to the diagonal pattern of one’s in the map, there is 
no way to combine terms. Also note that exactly half of the 
squares in the map are ones. Since an n-input function 
results in 2" squares in a Karnaugh map, an n-input XOR will 
require 2*" "''' product terms. For example, the 4-input XOR of 
Figure 7 requires eight product terms (see Figure 10). 


INPUTS 

OUTPUT 

A B 

Y 

0 0 

0 

0 1 

1 

1 0 

1 

1 1 

0 


Y = A» B-HA* B 


Figure 7. XOR Function Table and Logic Equation 
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(a) XOR Logic and (b) Symbolic Representation 
Figure 8. XOR Logic Diagram and Logic Symbol 



00 
01 
11 
1 0 


00 

0 1 

1 1 

1 0 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 


Figure 9. Karnaugh Map and Logic Symbol for a 4-Input XOR 

3 ^ 





Y = A»Er«C*D + A*B*C*D + A«B«C«D + A*B»C*D + 
A»B«C»D+A*B*C«D+A«B«C»D+A«B»C*D 
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Figure 10. 4-Input XOR Logic 




INPUTS 



OUTPUT 

S1 

So 

D3 D2 Di 

Do 

Y 

0 

0 

X 

X 

X 

0 

0 

0 

0 

X 

X 

X 

1 

1 

0 

1 

X 

X 

0 

X 

0 

0 

1 

X 

X 

1 

X 

1 

1 

0 

X 

0 

X 

X 

0 

1 

0 

X 

1 

X 

X 

1 

1 

1 

0 

X 

X 

X 

0 

1 

1 

1 

X 

X 

X 

1 
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Figure 11. Function Table for 1-of-4 Multiplexer 



Figure 12. Multiplexer Logic 


THE MULTIPLEXER 

The multiplexer (also called a data selector) is used to selec¬ 
tively route data from several inputs to one output. A simple 
4-to-1 multiplexer has four data input lines and two control 
lines that select which one of the four data inputs is to be 
passed to the output. The function table for this device is 
shown in Figure 11. The logic equation can be derived directly 
from the function table (see Figure 12). 

Each AND-gate has a data input and a two-input combination 
of select inputs. Given one of four possible combinations of 


select bits, only the AND-gate corresponding to this com¬ 
bination is enabled, allowing the desired input data to pass to 
the output. This can be easily expanded to accommodate 
more data simply by adding more select lines and data in¬ 
puts. For every n select lines there can be 2" data inputs, each 
of which requires one product term. 

The Design Specification and Logic Diagram for this Exclu- 
sive-OR and multiplexer based on an AmPAL16H8 are shown 
in Tables 1(a) and 1(b). 
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Table 1(a). Design Specification forXOR and MUX Function 

PAL16H8 




PAL 

DESIGN SPECIFICATION 

PAT020 




JENNY YEE 10/22/82 

XOR AND MUX FUNCTION 






ADVANCED MICRO DEVICES 






XA XB XC DO D1 D2 

D3 

SI 

so GND 



NC NC NC NC NC NC NC MUXY 

XORY VCC 



;XOR AND MUX OUTPUT SIGNALS 

f 




XORY = /XA*/XB* XC 


-F 




/XA^:- XB*/XC 


-F 




XA*/XB*/XC 


-F 




XA* XB* XC 






MUXY = /S1*/S0*D0 

-F 





/SI* S0*D1 

-F 





S1*/S0*D2 

-F 





SI* S0*D3 






FUNCTION TABLE 






SI SO XA XB XC D3 D2 

D1 DO 


XORY 

MUXY 

;ACTIVATE XOR OUTPUT 






XX L L L X X 

X 

X 


L 

X 

XX L L H X X 

X 

X 


H 

X 

XX L H L X X 

X 

X 


H 

X 

XX L H H X X 

X- 

X 


L 

X 

XX H L L X X 

X 

X 


H 

X 

XX H L H X X 

X 

X 


L 

X 

XX H H H X X 

X 

X 


H 

X 

•ACTIVATE MUX OUTPUT 






L L X X XXX 

X 

L 


X 

L 

L L X X XXX 

X 

H 


X 

H 

L H X X XXX 

L 

X 


X 

L 

L H X X XXX 

H 

X 


X 

H 

HI X X XXL 

X 

X 


X 

L 

H L X X X X H 

X 

Y 


X 

H 

M H X X X L X 

X 

X 


X 

L 

H H X X X H X 

X 

X 


X 

H 

DESCRIPTION: THIS IS A 

SIMPLE 

EXAMPLE 

EXECUTING 

THE FUNCTIONS OF 

THE EXCLUSIVE-OR AND THE 

MULTIPLEXER 


03862A-50 

Note: See Section 4 for description of the PAL DESIGN SPECiFiCATiON format. 
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Table 1(a). Design Specification for XOR and MUX Function (Continued) 


PAL16H8 PAL DESIGN SPECIFICATION 

PAT020 JENNY YEE 10/22/82 

XOR AND MUX FUNCTION 
ADVANCED MICRO DEVICES 
*D9725 


LOOOO 

1111 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

■s:- 

L0032 

1010 

0111 

nil 

nil 

nil 

nil 

nil 

nil 


L0064 

0110 

1011 

nil 

nil 

nil 

nil 

nil 

nil 


L0096 

1001 

1011 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0128 

0101 

0111 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0288 

nil 

nil 

0111 

nil 

nil 

nil 

1011 

1011 

* 

L0320 

nil 

nil 

nil 

0111 

nil 

nil 

1011 

0111 


L0352 

nil 

nil 

nil 

nil 

0111 

nil 

0111 

1011 

•JS- 

L0384 

nil 

nil 

nil 

nil 

nil 

0111 

0111 

0111 

* 


C26D2* 

VOOOl OOOXXXXXXOXXXXXXXXLl * 
V0002 OOlXXXXXXOXXXXXXXXHl 
V0003 OlOXXXXXXOXXXXXXXXHl * 
V0004 OllXXXXXXOXXXXXXXXLl * 
V0005 lOOXXXXXXOXXXXXXXXHl * 
V0006 lOlXXXXXXOXXXXXXXXLl * 
V0007 lllXXXXXXOXXXXXXXXHl * 
V0008 XXXOXXXOOOXXXXXXXLXl * 
V0009 XXXIXXXOOOXXXXXXXHXI * 
VOOlO XXXXOXXOIOXXXXXXXLXI 
VOOll XXXXIXXOIOXXXXXXXHXI * 
V0012 XXXXXOXIOOXXXXXXXLXI * 
V0013 XXXXXIXIOOXXXXXXXHXI * 
VOOU XXXXXXOllOXXXXXXXLXl * 
V0015 XXXXXXlllOXXXXXXXHXl * 


0221 
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DECODING/CHIP SELECT 


Decoding is one of the most common logic functions to be 
performed in a design. Essentially all random logic control 
signals are generated by decoding. Two examples are output 
enabling and chip selection. The decoding function can be 
described as being true when the desired set of inputs is true. 
This, of course, is simply the AND function. In its most 
general form, an n-input decoder can have 2'^ decoded out¬ 
puts implemented by2'^ AND-gates. Each AN D-gate has a dif¬ 
ferent combination of inputs allowing only one output to be 
true at any given time. If Karnaugh maps were used to de¬ 
scribe an n-input decoder, there would be 2" maps with only a 
single one in each one. Figure 13 shows the truth table, logic 
equations and logic diagram for a 3-to-8 decoder imple¬ 


mented with an AmPAL16H8. The design specification and 
logic diagram for this decoder are shown in Tables 2(a) 
and 2(b). 

In most applications, three inputs (such as in a 3-to-8 
decoder), are insufficient to perform the entire decode. For 
example, decoding the address and control for an I/O device 
requires anywhere from 8 to 16 address control and timing in¬ 
puts. Besides the address lines, the control and timing 
signals which are commonly used as inputs fordecoding are: 
READ/WRITE (R/W), MEMORY/IO (M/IO), BYTE/WORD (B/W) 
and ADDRESS STROBE (AS). Figure 14 shows typical input 
and output ports with required decoders. 


INPUTS 

S 2 Si So 

D 7 

Do 

Ds 

OUTPUTS 

D 4 Do 

D2 

Di 

Do 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 


S 2 S 2 Si Si So So 


(a) Truth Table 3-to-8 Decoder 


Do = S2 • Si • So 
Di = $2 • Si • So 
D2 = S2 • Si • So 
D3 = S2 • Si • So 
D4 = S2 • Si • So 
D5 = S2 • Si • So 
D6 = S2 • Si • So 
Dr = S2*Si*So 03862 ^ 

(b) Equations 3-to-8 Decoder 



Figure 13 


(c) Logic Diagram 3-to-8 Decoder 


ADDRESS = 81 HEX 


ADDRESS =80 HEX 



Figure 14. Typical Input and Output Ports 
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Table 2(a). Design Specification for 3-to-8 Decoder 


PAL16H8 PAL DESIGN SPECIFICATION 

PAT022 JENNY YEE 10/22/82 

3 TO 8 DECODER 

ADVANCED MICRO DEVICES 

S2 SI SO NC NC NC NC NC NC GND 

NC DO D1 D2 D3 D4 D5 D6 D7 VCC 

•DECODER OUTPUT SIGNALS 

’do = /S2’'^/S1^7S0 

D1 = /S2*/S1* SO 

D2 = /S2* Sl^VSO 

D3 = /S2^:- Sl^:- SO 

D4 = S2*/S1^:7S0 

D5 = S2^7S1* SO 

D6 = S2* S1’'-7S0 

D7 = S2^^ Sl^^ SO 

FUNCTION TABLE 

S2 SI SO D7 D6 D5 D4 D3 D2 D1 DO 


LLL LLLLLLLH 
LLH LLLLLLHL 
LHL LLLLLHLL 
LHH LLLLHLLL 
HLL LLLHLLLL 
HLH LLHLLLLL 
HHL LHLLLLLL 
HHH HLLLLLLL 


DESCRIPTION 

THIS DEVICE IMPLEMENTS A 3 TO 8 DECODER. THE SAMPLE SHOWS THE 
DESIGN OF THE DECODER USING PAL. 03862A.57 
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Table 2(a). Design Specification for 3-to-8 Decoder (Continued) 


PAL16H8 PAL DESIGN SPECIFICATION 

PAT022 JENNY YEE 10/22/82 

3 TO 8 DECODER 
ADVANCED MICRO DEVICES 
^D9725 

Loooo nil nil nn nii nii ini nn nn 

L0032 0101 0111 1111 1111 1111 1111 1111 nil * 

L0256 1111 1111 1111 nil 1111 nil 1111 1111 * 

L0288 0101 1011 1111 1111 1111 nil 1111 nil * 

L0512 1111 1111 1111 1111 nil nil 1111 1111 

L0544 1001 0111 nil 1111 1111 1111 1111 1111 

L0768 nil nil 1111 1111 1111 nil nn nn * 

L0800 1001 1011 1111 1111 1111 1111 1111 1111 * 

L1024 1111 1111 1111 1111 1111 1111 1111 1111 «- 

L1056 0110 0111 nil 1111 1111 1111 1111 1111 

L1280 nil mi 1111 1111 1111 1111 1111 1111 * 

L1312 0110 1011 1111 1111 1111 1111 1111 1111 

L1536 nil 1111 1111 1111 1111 1111 1111 1111 

L1568 1010 0111 nil nil 1111 1111 1111 1111 

L1792 111! nil 1111 1111 1111 1111 1111 1111 «- 

L1824 1010 1011 nil nil 1111 1111 1111 1111 

C3EC4^^ 

VOOOl OOOXXXXXXOXHLLLLLLLl * 

V0002 OOIXXXXXXOXLHLLLLLLI * 

V0003 OlOXXXXXXOXLLHLLLLLl * 

V0004 OllXXXXXXOXLLLHLLLLl * 

V0005 lOOXXXXXXOXLLLLHLLLl 
V0006 lOlXXXXXXOXLLLLLHLLl * 

V0007 llOXXXXXXOXLLLLLLHLl * 

V0008 lllXXXXXXOXLLLLLLLHl * 

FC30 03862A-58 
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SHIFT REGISTERS 

Shift registers are useful for multiplication, division and 
serial communications. 

An easy way to construct a shift register is to think of it as 
being composed of a set of multiplexers with registered out¬ 
puts. A typical shift register can load data, shift data to the 
right, shift data to the left, and “hold” (leave unchanged) the 
data. There would be two select lines that control the multi¬ 
plexers and choose the desired function. If data is to be 
loaded into the shift register, this path is enabled and the 
data is passed through and clocked into the registers (see 
Figure 15a). Figures 15b and 15c illustrate how the shift func¬ 
tions are performed. When shifting right, bit i will clock in 
bit i -I- 1. This is accomplished by feeding back the output of 
register i -f-1 to the multiplexer of bit i and selecting this path. 
Similarly, shifting left is done by clocking bit i -1 into bit i. 


using similar feedback techniques. “Holding” data is easily 
done by feeding back register i to itself and selecting the 
path, as shown in Figure 15d. Thus keeping data unchanged 
is accomplished by feedback, not by gating the clock (which 
is a poor design practice). 

This information is now used to design a 4-bit shift register 
using an AmPAL16H8. The function has fourdata inputs, four 
outputs, and two select lines, a left serial input, a right serial 
input, an output enable, and a clock input. The serial inputs 
are bidirectional and are used to input new data while shift¬ 
ing. The function table forthe shift register is shown in Figure 16 
and the logic diagram in Figure 17. The Design Specification 
and Logic Diagram for these shifters are shown in Tables 3(a) 
and 3(b). 


SELECT f 
LINES I_ 


CLOCK - 



Q| + 1 


Qi-1 


Figure 15a. Loading the Shifter 
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Figure 15b. Shifting Right 
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Table 3(a). Design Specification for Shift Register 

PAL16R6 

PAL DESIGN SPECIFICATION 

PAT023 

JENNY YEE 10/22/82 

SHIFT REGISTER 

ADVANCED MICRO DEVICES 

CK SI SO D3 D2 DI 

DO NC NC GND 

OE SRISLO NC Q3 Q2 QI 

QO NC SLISRO VCC 

•SHIFT REGISTER OUTPUT SIGNALS 

/Q3 := /SI^:7S0-“7D3 

+ 

/sv^ so-;7SRISLO 

+ 

S1^7S0^7Q2 

-t- 

Sl-“- S0-;7Q3 

/Q2 ;= /S1^7S0^7D2 

+ 

/SI-”- S0-:7Q3 

-f 

S1-;7S0-:7Q1 

-f- 

Sl-“- S0-:7Q2 

/Ql := /S1-:7S0VD1 

-t- 

/SI* S0-:7Q2 

+ 

S1-:7S0-:7Q0 

-f- 

SI* S0*/Q1 

/QO := /S1*/S0*/D0 

+ 

/SI* S0*/Q1 

-1- 

S1*/SLISR0*/S0 

-f- 

SI* S0*/Q0 

IF(/S1*S0) /SLISRO = /QO 

IF(S1*/S0) /SRISLO = /Q3 

03862A-66 
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Table 3(a). Design Specification for Shift Register (Continued) 


FUNCTION TABLE 

CK SI SO D3 D2 D1 DO OE SRISLO SLISRO Q3 Q2 Q1 QO 


; LOAD AND SHIFT RIGHT 

CLLLLLLL Z Z LLLL 

CHHXXXXL Z Z LLLL 

CLHXXXXL H L HLLL 

CLHXXXXL L L LHLL 

CLHXXXXL L L LLHL 

CLHXXXXL L H LLLH 

CLHXXXXL L L LLLL 

; LOAD AND SHIFT LEFT 

CLLHHHHL Z Z HHHH 

CHHXXXXL Z Z HHHH 

CHLXXXXL H L HHHL 

CHLXXXXL H H HHLH 

CHLXXXXL H H HLHH 

CHLXXXXL L H LHHH 

CHLXXXXL H H HHHH 

; HOLD 

CHHXXXXL Z Z HHHH 


DESCRIPTION 

THIS DEVICE IMPLEMENTS A SHIFT REGISTER. THE LAYOUT PROVIDED IS 
A DEMONSTRATION OF HOW THE SHIFT REGISTER MAY BE DESIGNED USING 

A PAL. 03862A-67 
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Table 3(a). Design Specification for Shift Register (Continued) 


PAL16R6 PAL DESIGN SPECIFICATION 

PAT023 JENNY YEE 10/22/82 

SHIFT REGISTER 

ADVANCED MICRO DEVICES 

^:-D9724 

^:-F0* 

Loooo 1011 0111 1111 nil nil nn nn nn * 

L0032 1111 1111 1110 1111 1111 1111 1111 1111 * 

L0512 1011 1011 1111 1111 1111 1011 1111 1111 * 

L0544 1011 0111 nil 1110 1111 1111 1111 1111 

L0576 0110 1011 nil nil 1111 1111 1111 1111 * 

L0608 0111 0111 1110 nil 1111 1111 1111 1111 

L0768 1011 1011 nil 1111 1011 1111 1111 1111 * 

L0800 1011 0111 1111 1111 1110 1111 1111 1111 

L0832 0111 1011 1110 nil 1111 1111 1111 1111 * 

L0864 0111 0111 nil 1110 nil 1111 1111 1111 

L1024 1011 1011 1111 1011 1111 1111 1111 1111 

L1056 1011 0111 nil 1111 1111 1110 1111 1111.-:^ 

L1088 0111 1011 nil 1110 1111 1111 1111 1111 

L1120 0111 0111 nil 1111 1110 1111 1111 1111 * 

L1280 1011 1011 1011 nil 1111 1111 1111 1111 

L1312 1011 0111 nil 1111 1111 1111 1111 1110 

L1344 0111 1011 nil 1111 1110 1111 1111 1111 

L1376 0111 0111 nil 1111 1111 1110 1111 1111 

L1792 0111 1011 nil 1111 1111 1111 1111 1111 * 

L1824 nil nil 1111 1111 1111 1110 1111 1111 

C49E9-“- 

VOOOl COOOOOOXXOOZXLLLLXZl 
V0002 CllXXXXXXOOZXLLLLXZl 
V0003 COIXXXXXXOOIXHLLLXLI * 

V0004 COIXXXXXXOOOXLHLLXLI * 

V0005 COIXXXXXXOOOXLLHLXLI 
V0006 COIXXXXXXOOOXLLLHXHI 
V0007 COIXXXXXXOOOXLLLLXLI 
V0008 COOllllXXOOZXHHHHXZl 
V0009 CllXXXXXXOOZXHHHHXZl * 

VOOlO ClOXXXXXXOOHXHHHLXOl - 
VOOll ClOXXXXXXOOHXHHLHXll 
V0012 ClOXXXXXXOOHXHLHHXll * 

V0013 ClOXXXXXXOOLXLHHHXll * 

V0014 ClOXXXXXXOOHXHHHHXll --- 
V0015 CllXXXXXXOOZXHHHHXZl * 

5060 03862A-68 


3-21 























THE COUNTER 


Counters are used for such purposes as state sequencing, 
delay timing, and event counting. The key to designing a 
counter is knowing when a bit should be toggled. For an up- 
counter, a bit is toggled whenever every bit of lesser 
significance is HIGH (see the counting sequence of Figure 18). 

Conversely, for a down-counter, a bit is toggled whenever 
every bit of lesser significance is LOW. In both cases, the LSB 
is always toggled. By ANDing all bits of lesser significance 
along with the complement of the current data in the register, 
the problem of when this bit is to be toggled has been solved. 
However, this is not sufficient. In order to complete the 
design, it must be ensured that the bit remains unchanged 
under all other conditions. This can be accomplished by 
ORing the complements of the lesser significant bits 
together and then ANDing the result with the current data in 
the register (see Figure 19). The equation in Figure 19 can be 
changed into the sum-of-products form (Figure 20) for direct 
implementation in a PAL. Thus if a bit is to be toggled, the 
complement of the current data will be clocked in; if not, the 
data remains unchanged by clocking in the current data. 


A 4-bit up-counter example illustrates this approach. Typical 
coun ter functions are loading data, counting, and “holding” 
data (COUNTING). The function table is shown in Figure 21 
and the logic diagram in Figure 22. 

Expanding the number of bits in the counter is done by ex¬ 
panding the function table to incorporate the additional bits. 
Karnaugh maps, although not essential, can be used to find 
the required equations in sum-of-products form for PAL 
implementation. In general, besides any fixed overhead for 
control functions (CLEAR, LOAD, and HOLD in this example) 
bit n will require n additional product terms. Therefore, if this 
example 4-bit counter is to be expanded to five bits, the fifth 
bit will require five product terms plus three additional prod¬ 
uct terms for clearing, loading, and counting (see Figure 23). 
Notice that the original 4-bit block is unaffected by the addi¬ 
tion of the fifth bit. This basic counter is easily expandable to 
perform more complex functions. The Design Specification 
and Logic Diagram for this counter, using an AmPAL16R8 
device, are shown in Tables 4(a) and 4(b). 



TOGGLE = Qi.(Qo + Qi-fQ2-t------KQ|-i) 

03862A-71 


CURRENT 

NEXT 

STATE 

STATE 

0000 

0001 

000 1 

00 10 

0010 

00 11 

0011 

0100 

0 100 

0101 

0101 

0110 

0110 

0111 

0111 

1000 

1000 

1001 

1001 

1010 

1010 

1011 

10 11 

1100 

1100 

1101 

110 1 

1110 

1110 

1111 

1111 

0000 


Figure 18. Counting Sequence 


Figure 19. Logic for not Toggiing Bit i 



TOGGLE — Qq* Qj + Qi • Qj + Q2* Qi + "'' + Qi-i • Qj 

03862A-72 


Figure 20. Equivalent Form of Figure 16 


CLEAR 

LOAD 

COUNT 


HOLD 


INPUTS 

Si So 

Q3o 

Q2o 

Qlo 

OUTPUTS 

QOo Q 3 

02 

Qi 

Qo 

0 

0 

X 

X 

X 

X 

0 

0 

0 

0 

0 

1 

X 

X 

X 

X 

D 3 

D2 

Di 

Do 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

X 

X 

X 

X 

Q3o 

Q2o 

Qlo 

QOo 
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Figure 21. Function Table for 4-Bit Up Counter 
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Figure 23. 5-Bit Up Counter 












Table 4(a). Design Specification for 4-Bit Counter 


PAL16R8 

PAT021 

4-BIT COUNTER 

ADVANCED MICRO DEVICES 

CK SI SO D4 D3 D2 D1 DO NC GND 

OE NC NC NC QO Q1 Q2 Q3 NC VCC 

•COUNTER OUTPUT SIGNALS 


/QO ;= /Sl^/SO + 

/SI* SO*/DO -I- 

S1*/S0* QO -I- 

Sl* S0*/Q0 

/Q1 := /S1*/S0 

/SI* SO*/Dl + 

S1*/S0*/Q1*/Q0 + 

S1*/S0* Ql* QO -I- 

Sl* SO*/Ql 

/Q2 := /Sl*/SO + 

/SI* SO*/D2 -I- 

Sl*/S0*/Q2*/Q0 -I- 

S1*/S0*/Q2*/Q1 -t- 

S1*/S0* Q2* Ql* QO + 

SI* S0*/Q2 

/Q3 := /S1*/S0 -h 

/SI* S0*/D3 -f 

Sl*/S0*/Q3*/Q0 -I- 

S1*/S0*/Q3*/Q1 + 

Sl*/S0*/Q3*/Q2 -I- 


S1*/S0* Q3* Q2* Ql* QO -i- 
SI* SO*/Q3 


PAL DESIGN SPECIFICATION 
JENNY YEE l0l22lS2 


03862A-76 
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Table 4(a). Design Specification for 4-Bit Counter (Continued) 


FUNCTION TABLE 


CK SI 

SO 

OE 

DO 

D1 

D2 

D3 

Q3 Q2 Q1 

QO 

; CLEAR 

C L 

L 

L 

X 

X 

X 

X 

L 

L 

L 

L 

; LOAD 

C L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

C L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

; COUNT 

C H 

L 

L 

X 

X 

X 

X 

L 

L 

L 

H 

C H 

L 

L 

X 

X 

X 

X 

L 

L 

H 

L 

C H 

L 

L 

X 

X 

X 

X 

L 

L 

H 

•H 

C H 

L 

L 

X 

X 

X 

X 

L 

H 

L 

L 

C H 

L 

L 

X 

X 

X 

X 

L 

H 

L 

H 

C H 

L 

L 

X 

X 

X 

X 

L 

H 

H 

L 

C H 

L 

L 

X 

X 

X 

X 

L 

H 

H 

H 

C H 

L 

L 

X 

X 

X 

X 

H 

L 

L 

L 

C H 

L 

L 

X 

X 

X 

X 

H 

L 

L 

H 

C H 

L 

L 

X 

X 

X 

X 

H 

L 

H 

L 

C H 

L 

L 

X 

X 

X 

X 

H 

L 

H 

H 

C H 

L 

L 

X 

X 

X 

X 

H 

H 

L 

L 

C H 

L 

L 

X 

X 

X 

X 

H 

H 

L 

H 

C H 

L 

L 

X 

X 

X 

X 

H 

H 

H 

L 

C H 

L 

L 

X 

X 

X 

X 

H 

H 

H 

H 

C H 

L 

L 

X 

X 

X 

X 

L 

L 

L 

L 

; HOLD 

C H 

H 

L 

X 

X 

X 

X 

L 

L 

L 

L 


DESCRIPTION 

THIS DEVICE IS AN UP-COUNTER. THE SAMPLE LAYOUT SHOWS THE 
FORMAT OF DESIGNING THE COUNTER USING A PAL. 03862A-77 
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Table 4(a). Design Specification for 4-Bit Counter (Continued) 


PAL16R8 PAL DESIGN SPECIFICATION 

PAT021 JENNY YEE 10/22/82 

4-BIT COUNTER 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

L0256 1011 1011 nil nil nil nn nn nn * 

L0288 1011 0111 1111 1011 1111 1111 1111 1111 * 

L0320 0111 1010 nil 1111 1110 1111 1111 1111 

L0352 0111 1010 nil 1110 1111 1111 1111 1111 

L0384 0111 1010 1110 nil 1111 1111 1111 1111 

L0416 0111 1001 1101 1101 1101 nil 1111 1111 * 

L0448 0111 0110 nil nil 1111 1111 1111 1111 * 

L0512 1011 1011 1111 1111 1111 1111 1111 1111 * 

L0544 1011 0111 nil nil 1011 1111 1111 1111 * 

L0576 0111 1011 1110 nil 1110 1111 1111 1111 * 

L0608 0111 1011 1110 1110 nil 1111 1111 1111 * 

L0640 0111 1011 1101 1101 1101 1111 1111 1111 

L0672 0111 0111 1110 nil nil 1111 1111 1111 

L0768 1011 1011 nil 1111 1111 1111 1111 1111 * 

L0800 1011 0111 1111 1111 1111 1011 1111 1111 

L0832 0111 1011 nil 1110 1110 nil 1111 1111 * 

L0864 0111 1011 nil 1101 1101 1111 1111 1111 * 

L0896 0111 0111 nil 1110 1111 1111 1111 1111 

L1024 1011 1011 nil nil 1111 1111 1111 1111 

L1056 1011 0111 1111 1111 1111 1111 1011 1111 

L1088 0111 1011 nil 1111 1101 1111 1111 1111 

11120 0111 0111 1111 1111 1110 1111 1111 1111 

C4FAE^'^ 

VOOOl COOXXXXXXOOXXXLLLLXl * 

V0002 COlXllllXOOXXXHHHHXl * 

V0003 COIXOOOOXOOXXXLLLLXI 
V0004 ClOXXXXXXOOXXXHLLLXl * 

V0005 ClOXXXXXXOOXXXLHLLXl 
V0006 ClOXXXXXXOOXXXHHLLXl * 

V0007 ClOXXXXXXOOXXXLLHLXl * 

V0008 ClOXXXXXXOOXXXHLHLXl 
V0009 ClOXXXXXXOOXXXLHHLXl * 

VOOlO ClOXXXXXXOOXXXHHHLXl * 

VOOll ClOXXXXXXOOXXXLLLHXl * 

V0012 ClOXXXXXXOOXXXHLLHXl * 

V0013 ClOXXXXXXOOXXXLHLHXl * 

V0014 ClOXXXXXXOOXXXHHLHXl * 

V0015 ClOXXXXXXOOXXXLLHHXl * 

V0016 ClOXXXXXXOOXXXHLHHXl * 

V0017 ClOXXXXXXOOXXXLHHHXl * 

V0018 ClOXXXXXXOOXXXHHHHXl * 

V0019 ClOXXXXXXOOXXXLLLLXl * 

V0020 CllXXXXXXOOXXXLLLLXl * 

887C 03862A-78 
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Section 4 


Software Support 
for AMD PALs 


Design Aid Software for Programmable Logic 
PAL DESIGN SPECIFICATION 





Design Aid Software for 
Progrannmable Logic 


INTRODUCTION 

The main function of programmable logic design aid soft¬ 
ware is to translate a custom logic design specification into a 
format which can be accepted by a programmer. 

Programmable logic software is also an excellent tool for 
design simulation and documentation. Simulation aids in 
debugging an initial design and helps to assure that a device 
will operate as intended the first time instead of requiring 
multiple design iterations. Documentation capability is 
essential for someone other than the original designer to 
understand a custom programmable logic specification. 

THIRD PARTY SOFTWARE 

Many different programmable logic design aid software pro¬ 
grams and software programs resident on programmable 
logic programmers are available or under development. Table 
1 lists some current suppliers of these design tools. Contact 


the indicated companies for the status of their particular 
product. 

PALASM 

One particular software program, specifically for PALs, is 
PALASM (short for PAL ASSEMBLER). 

PALASM is a computer aided design tool which has the 
capability of accepting an input file of Boolean equations 
and assembling the file into an output (fuse map) in a format 
compatible with PAL programmers. PALASM also allows the 
designer to input, in a tabular format, test vectors to perform 
simulation and debug of the Boolean equation input. The PAL 
design input file, called PAL DESIGN SPECIFICATION, when 
used in conjunction with PALASM documentation outputs, 
can provide as much documentation as is required to under¬ 
stand custom PAL design. 


Table 1. Third Party Design Aid Software Tools 


CUPL 

(Software) 

IBM PC 

Assisted Technology, Inc. 
Suite 150 

2381 Zanker Road 

San Jose, CA 95131 
(408) 942-8787 

PALASM 

(Programmer Resident) 

Data I/O Corporation 

10525 Willows Road N.E./C-46 
Redmond, WA 98052 
(206) 881-6444 

PALASM 

(Programmer Resident) 

Digilec, Inc. 

7335 East Acoma Drive 

STE. 103 

Scottsdale, AZ 85260 
(602) 991-7268 

PALASM 

(Programmer Resident) 

Stag Microsystems, Inc. 

528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 

PALASM 

(Programmer Resident) 

Structured Design 

1700 Wyatt Drive 

Suite 3 

Santa Clara, CA 95054 
(408) 988-0725 


03862A-80 
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AMPALASM20 


Advanced Micro Devices offers a powerful, enhanced version 
of PALASM, called AMPALASM20 to support the AMD 20-pin 
PAL family. It is based on the original version of PALASM but 
adds extensive error checking features and the industry 
standard JEDEC output format PLDTF(Programmable Logic 
Data Transfer Format). 


The new error checking functions insure that creation of a 
correct PAL DESIGN SPECIFICATION is an easily understood 
and straightforward process. Most important, AMPALASM20 
does not allow the designer to create incorrect fuse patterns 
or try to program a device with inadequate logical capacity 
for the desired function. The JEDEC PLDTF output is de¬ 
signed to transfer data in a format which can program PALs 
from all manufacturers. This eliminates the need forthe user 
to modify code to accommodate different supplier’s devices. 


AMPALASM20 is currently available on 8 inch floppy disk 
media in IBM 3740 format for the CP/M operating system. It is 
offered in both Fortran source code and object code ver¬ 
sions. Advanced Micro Devices only supports object code 
written for 8080 based systems. Source code is provided for 
customers who wish to port AMPALASM20 to their particular 
system, but no support is furnished and no responsibility can 
be accepted for any use of source code information. 


To use this version of AMPALASM20 the designer should 
have access to: 

—A microcomputer with a CP/M operating system 
—An 8 inch floppy disk drive (IBM 3740 format) 

—A CRT terminal with keyboard 
—System software which includes an editor 

—A means of downloading the fuse programming data to 
a programmer 

To perform automatic downloading of AMPALASM20 output 
to a PAL programmer, a link between the computer and the 
programmer is required. Most programmers accept input via 
an RS232 interface. This usually requires only an RS232 port, 
and RS232 cable from the computer and a software driver for 
the port, which are resident on most computers. Please refer 
to the programmer manufacturer’s reference materials for 
details. The CP/M version of AMPALASM20 provides the 
necessary software driver. 

Versions of AMPALASM20 for the IBM CMS operating 
system and VAX VMS operating system are under develop¬ 
ment. Check with your local Advanced Micro Devices sales 
office for price and availability. 

A complete specification of the CP/M version AMPALASM20 
and the PAL DESIGN SPECIFICATION input file appears later 
in Section 4. 




PAL DESIGN 
SPECIFICATION 


The input to AMPALASM20 is called the PAL DESIGN SPECIFICATION. Since AMPALASM20 is a batch-oriented program, the 
PAL DESIGN SPECIFICATION is intended to be an input file created using the editing facility of the machine on which 
AMPALASM20 is executing. The PAL DESiGN SPECiFICATION is divided into five main sections: the heading, pin list, iogic 
equations, function tabie, and description. 

HEADING 

The heading comprises the first four lines of the PAL DESIGN SPECIFICATION. Line one requires the ieft justified PAL part 
number starting in column one. Valid PAL part numbers supported by the present version of AMPALASM20 are the foiiowing: 


AMPAL16L8 

AMPAL16R8 

AMPAL16R6 

AMPAL16R4 

AMPAL16H8 

AMPAL16LD8 

AMPAL16HD8 


An invaiid part number wiii generate a fatai (nonrecoverable) error. The rest of the heading is optional, the following recom¬ 
mendations are standard. 

The recommended heading "PAL DESIGN SPECIFICATION” should be included after the part number (separated by at least 
one space). 

Lines two through four are reserved for design documentation. The recommended format for these iines is: 

Line 2: User internal part number, date 
Line 3: Device application name 
Line 4: Company name, address 

An example heading is given below: 


AMPAL16R4 PAL DESIGN SPECIFICATION 

PATTERN NUMBER K2/044-C WARREN MILLER 4/1/82 

DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 
ADVANCED MICRO DEVICES 901 THOMPSON PLACE SUNNYVALE CA 94086 
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PIN LIST 


The pin list must begin on line five. It is a sequence of symbolic names given to device pins 1 through 20 in order. Each pin 
name must be separated by one or more spaces. The following rules should be followed when specifying the pin list: 

(1) The pin list must contain exactly 20 names or a fatal error will be reported. 

(2) Pin names should not exceed 8 characters. If they do, only the last 8 characters will be used. 

(3) Any printable characters may be used in a pin name except “= : * + ( );”. A slash may be used as the first character in a 
pin name to indicate an active LOW input signal. 

(4) Duplicated pin names are allowed (for example, NO for No Connection), but only if they are not used in any equations. 

(5) GND and VCC may be usd on pins 10 and 20 respectively, but should not be used in any equations. 

An example pin list is given below: 

CLK CARRYIN ADATAO ADATAl ADATA2 ADATA3 SO SI RESET GND 
/OE BDATAO BDATAl QO Q1 Q2 Q3 BDATA2 BDATA3 VCC 


LOGIC EQUATIONS 

Logic equations may begin on the first line after the pin list. 
These equations are the heart of the PAL DESIGN 
SPECIFICATION. They specify the logical operations of a 
device in a sum-of-products (AND-OR) Boolean format. 

The terms used when writing logic equations are: 
OPERATOR SYMBOLS (in hierarchy of evaluation): 

* AND (product) 

+ OR (sum) 

EXPRESSION is a sequence of PIN NAMES (or their com¬ 
plements) separated by operators, where the PIN NAME is 
the symbolic input or output name taken from the pin list. 

PRODUCT is a sequence of PIN NAMES (or their comple¬ 
ments) separated by the AND operator, “ where the PIN 
NAME is the symbolic input or output name taken from the 
pin list. 

ADDITIONAL SYMBOLS: 

; The remainder of the present line is a comment 
/ Complement, prefix to a pin name 
= Combinatorial equality 
:= Sequential equality 

Three forms of logic equations are possible: 

PIN NAME = EXPRESSION 

Combinatorial equality. The output specified by the PIN 
NAME is logically equal to the expression. If the device 
has an inverting output, the complement of the PIN 
NAME must be specified. 

IF (PRODUCT) PIN NAME = EXPRESSION 
Conditional combinatorial equality. When the product is 
logically true, the output specified by PIN NAME is 
equivalent to the expression. When the product is logi¬ 
cally false, the output is placed in the high impedance 
(high-Z) state. If the device has an inverting output, the 
complement of the PIN NAME must be specified. 


PIN NAME : = EXPRESSION 
Sequential equality. On the low to high transition of the 
clock, the registered output specified by the PIN NAME 
is loaded with the logical value defined by the equation. 
If the device has an inverting output, the complement of 
the PIN NAME must be specified. 

It is important to notice that AMPALASM20 equations are 
written with respect to the AND inputs of the internal AND- 
OR structure. The only way to enable (output = HIGH) an 
AND-gate is with all HIGHs on the inputs. Therefore to enable 
an AND-gate when active LOW inputs (pin names with pre¬ 
ceding slashes) are specified, the complement of the inputs 
(active HIGH or true version, without the slash) are necessary. 
Also, notice that to enable an AND-gate with active HIGH in¬ 
puts the active HIGH version of the inputs is necessary (no 
slash). Thus the polarity of the input signals is written the 
same independent of the polarities of the pin names. It is, 
then merely a question of AMPALASM20 automatically se¬ 
lecting the inverting (active LOW) on non-inverting (active 
HIGH) path of the input buffer to the AND-gate. 

It is also important to notice that the AMPALASM20 equa¬ 
tions are written with respect to the output of the OR- 
structure in the combinatorial (16L8, 16H8, 16LD8, 16HD8) 
devices and at the Q outputs of the registers for the 
registered (16R8, 16R6, 16R4) devices. On the active LOW 
parts (16L8, 16LD8, 16R8, 16R6, 16R4) the output signals on 
the output pins are inverted versions of the internal, 
AMPALASM20 specified, OR-structure outputs. A warning is 
generated by AMPALASM20 if this inversion between pin list 
pin names and AMPALASM20 output pin names is not 
observed. 





An example with a pin list and output equations is given below. Note the inversion between pin names and left hand sides of 
the equations, the use of sequential equality on registered outputs, and combinatorial equality on the non-registered outputs. 
Furthermore, note that an input such as RESET could be made active LOW by just adding a preceding slash to the pin 

name (this tells PALASM 20 to select the inverting path of the input buffer). 


CLK CARRYIN 

ADATAO ADATAl ADATA2 ADATA3 

SO SI 

RESET GND 

/OE BDATAO 

BDATAl QO Q1 Q2 

Q3 BDATA2 BDATA3 VCC 

/QO 

: = 

RESET 

+ 




/Sl*/S0-"-/ADATA0 

+ 

LOAD A 



/SI* S0*/BDATA0 

+ 

LOAD B 



SI* QO* CARRYIN 
S1*/Q0*/CARRYIN 

+ 

COUNT 

/Q1 

• = 

RESET 

+ 




/S1*/S0*/ADATA1 

+ 

LOAD A 



/SI* S0*/BDATA1 

+ 

LOAD B 



SI* Ql* Q0-* CARRYIN 

+ 

COUNT 



S1*/Q1*/Q0 

S1*/Q1*/CARRYIN 

+ 


/Q2 

• = 

RESET 

+ 




/S1*/S0*/ADATA2 

+ 

LOAD A 



/SI* S0*/BDATA2 

+ 

LOAD B 



SI* Q2* Ql* QO* CARRYIN 

+ 

COUNT 



S1*/Q2*/Q1 

+ 




Sl*/Q2*/Q0 

S1*/Q2*/CARRYIN 

+ 


/Q3 

.= 

RESET 

+ 




/S1*/S0*/ADATA3 

+ 

LOAD A 



/SI* S0*/BDATA3 

+ 

LOAD B 



SI* Q3* Q2* Ql* QO* CARRYIN + 

COUNT 



Sl*/Q3*/Q2 

+ 




S1*/Q3*/Q1 

+ 




Sl*/Q3*/Q0 

S1*/Q3*/CARRYIN 

+ 


IF( SI ) 

/BDATAO = /S0-/Q0 + 

;ENABLE 

NORMAL 



S0*/Q3 

;ENABLE 

SWAPPED 

IF( SI ) 

/BDATAl = /S0*/Q1 + 

;ENABLE 

NORMAL 



S0*/Q2 

;ENABLE 

SWAPPED 

IF( SI ) 

/BDATA2 = /S0--7Q2 + 

;ENABLE 

NORMAL 



S0*/Q1 

;ENABLE 

SWAPPED 

IF( SI ) 

/BDATA3 = /S0-“-/Q3 + 

;ENABLE 

NORMAL 



S0*/Q0 

;ENABLE 

SWAPPED 








FUNCTION TABLE 

The function table portion of the PAL DESIGN SPECIFICA¬ 
TION is similar to the familiar truth table found in most TTL 
data books. It defines, in a tabular format, how the device is 
to function. Additionally, the function table is used by the 
SIMULATE function to check a PAL DESIGN for correctness. 
SIMULATE will take the vector specified in the function table 
and “plug it into” the equation portion of the PAL DESIGN 
SPECIFICATION. 

Any discrepancy between the computed values and the func¬ 
tion table values will be flagged by the output of SIMULATE. 
Besides catching the most common errors (signal inversions 
and typing errors), it also provides a check on the more subtle 
logic errors. The more detailed the function table, the higher 
the confidence level that the device will function as desired. 

For combinatorial FALs, by using the input values specified 
in a function table line, the outputs may be computed against 
the output values listed in the same line of the table. For 
registered PALs, the present state (before clock) of the 
registers may also be necessary to compute and check the 
next state (after clock) outputs. The function table defines 
the present state outputs to be the registered outputs of the 
previous vector (i.e., line) and next state outputs to be in the 
current vector (line) with the present inputs. Note that the first 
vector in a function table has no present state and therefore 
cannot be dependent upon one. Also note that the combina¬ 
torial outputs of registered PALs are defined as a function of 
the present inputs and next state outputs. 

The function table format is given below: 


FUNCTION TABLE: (pin list) 


d d ..d 


d d .d 


The beginning of the function table is defined by the text 
“FUNCTION TABLE:”. This identifier must begin in column 1. 
Following the function table, on the next line, is a pin list 
which defines the order of function table entries. This pin list 
must use the same signal names as the pin list at the begin¬ 
ning of the equation section of AMPALASM20. However, 
either the true or complement of the signal may be specified. 
Additionally, the order of entries need not be the same be¬ 
tween the two pin lists. 

Following the pin list is a dashed line of any length, which 
specifies the beginning of the body of the function table. 
Each entry in the function table indicates the forced state (in 
the case of inputs) or the checked state (in the case of out¬ 
puts). A full line in the function table represents a test vector. 
A state (e.g., L, H, C, X, Z) must be specified for each pin name, 
with separating spaces optional. Optional comments may 
follow the vector. An entire line may be commented if the first 


character of the line is a semi-colon The definitions for in¬ 
puts and outputs in the function table are: 

For inputs: 

L indicates drive input to a logical LOW 
H indicates drive input to a logical HIGH 
C indicates drive input to a logical LOW, then to a 
logical HIGH (clock) 

X indicates an irrelevant input (treated as drive to a 
logical LOW) 

For outputs: 

L indicates test output for a logical LOW 
H indicates test output for a logical HIGH 
Z indicates test output for a logical HIGH impedance 
X indicates don’t test 

A function table for the sample device in the equations sec¬ 
tion is shown on the following page. The sample device equa¬ 
tions implement a 4-bit loadable up counter. The counter is 
loadable from both the ADATA and BDATA ports. The counter 
outputs are available on both the three-state Q output and the 
BDATA port. When enabled onto the BDATA port either the 
normal output (Q 3 , Q 2 , Qi, Qo) or a swapped output (Qq, Qi, 
Q 2 , Q 3 ) is available. 

Note that the function table pin list does not maintain the 
same order as the device pinout. This allows the table to be 
laid out in a logical manner and be easily read and under¬ 
stood. Also note that the pin list is defined with the same 
polarity as the device pinout. This makes the table more like a 
“black box” definition of how the device will work. In general, 
the complement version of the device pinout is more desir¬ 
able in the list only when internal state variables or multi¬ 
level logic is defined in the device. This is because these 
functions are intermediate and have nothing to do with the 
“black box” definition, and also because the true version of 
internal points of a PAL is usually the complement of the 
pinout (it’s easier to read). 

The first test vector of the function table checks the output 
disable function. This is done by driving the OE signal HIGH 
(H) and checking the Q outputs for the disabled state (Z). The 
second vector tests the reset function. The RESET signal is 
driven LOW (L), OE is LOW (L) and the clock input is clocked 
(C). The resulting Q outputs should be LOW (L). 

The next two function table entries load the A and B ports 
respectively. This is done by selecting the load operations (LL 
and LH select codes) and checking that the correct value is 
clocked into the register. 

The next 16 function table entries check the increment and B 
outputs functions. The first 7 vectors check the normal B out¬ 
put, the last 9 check the swapped B output. It is important to 
realize that the next state value of registered outputs can de¬ 
pend on both the inputs and the previous state (from the 
previous line) of the register. For example, the first entry in the 
increment section uses the previous value of the register 
(LLLL) as an input. This is incremented to the new value 
(LLLH). The next vector then uses that register state (LLLH) 
for the starting value of the test. 
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FUNCTION TABLE: 

CLK ADATA3 ADATA2 ADATAl ADATAO BDATA3 BDATA2 BDATAl BDATAO 
/RESET SI SO CARRYIN /OE Q3 Q2 Q1 QO 


A A A A 
D D D D 
A A A A 
C T T T T 
L A A A A 
K 3 2 10 


B B B B 
D D D D 
A A A A 
T T T T 
A A A A 
3 2 10 


C 

/ A 

R R 

E R 

S Y 

E S S I 
T 1 0 N 


/ 

0 Q Q Q Q 
E 3 2 1 0 


COMMENTS 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

Z 

Z 

Z 

Z 

;OUTPUT DISABLE 

c 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

;RESET 

i 

c 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

;LOAD A 

c 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

;LOAD B 

i 

c 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

H 

;INCREMENT WITH 

c 

X 

X 

X 

X 

L 

L 

H 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

;B NORMAL 

c 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 


c 

X 

X 

X 

X 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

L 

L 


c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 


c 

X 

X 

X 

X 

L 

H 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 


c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 


c 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

;INCREMENT WITH 

c 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

;B SWAPPED 

c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 


c 

X 

X 

X 

X 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 


c 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 


c 

X 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 


c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 


c 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 


c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 


f 

c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

;DISABLE INCREMENT 


PAL DESCRIPTION 

The description section of the PAL DESIGN SPECIFICATION is an important documentation tooi. In this section the designer 
can describe the operation of the device and its intended application. If this section is done correctly the PAL DESIGN 
SPECIFICATION becomes a data sheet for the newly created device, completely documenting the design. The format for the 
description section is simply the keyword DESCRIPTION: followed by the text describing the design. An example description 
is given below: 


DESCRIPTION: THIS PAL IMPLEMENTS A 4-BIT COUNTER FOR A 
MULTIPLE BUS CPU. THE COUNTER CAN BE LOADED FROM EITHER THE 
ADATA INPUT BUS OR THE BDATA INPUT-OUTPUT BUS. THE CONTENTS 
OF THE COUNTER CAN BE OUTPUT TO THE THREE STATE Q BUS OR THE 
BDATA INPUT-OUTPUT BUS. ADDITIONALLY WHEN THE BDATA BUS IS 
USED TO OUTPUT THE COUNTER CONTENTS EITHER A BIT-NORMAL OR A 
BIT-REVERSED VERSION CAN BE SELECTED. 

MODE DEFINITIONS ARE GIVEN BELOW. 






SI 

so 

CARRY-IN 

LOAD A 




0 

0 

X 

LOAD B 




0 

1 

X 

HOLD, 

OUTPUT 

B 

NORMAL 

1 

0 

0 

COUNT, 

OUTPUT 

B 

NORMAL 

1 

0 

1 

HOLD, 

OUTPUT 

B 

SWAPPED 

1 

1 

0 

COUNT, 

OUTPUT 

B 

SWAPPED 

1 

1 

1 








EXAMPLE 



The following pages contain the complete PAL DESIGN SPECIFICATION for the example used in the previous sections. 

AMPAL16R4 

PAL DESIGN SPECIFICATION 

PATTERN NUMBER K2/044-C 

WARREN MILLER 4/1/82 

DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 


ADVANCED MICRO DEVICES 901 THOMPSON PLACE SUNNYVALE 

CA 94086 

CLK CARRYIN ADATAO ADATAl ADATA2 ADATA3 

SO SI RESET 

GND 

/OE BDATAO BDATAl QO Q1 Q2 

Q3 BDATA2 BDATA3 

VCC 

/QO := RESET 

+ 


/Sl-“-/S0*/ADATA0 

+ ;L0AD A 


/Sl-“- S0-7BDATA0 

+ ;LOAD B 


SI* QO* CARRYIN 

-f ; COUNT 


S1*/Q0*/CARRYIN 



/Q1 := RESET 

-t- 


/S1*/S0*/ADATA1 

+ ;LOAD A 


/SI* S0*/BDATA1 

-1- ; LOAD B 


SI* Ql* QO* CARRYIN 

-1- ; COUNT 


S1*/Q1*/Q0 

-1- 


S1*/Q1*/CARRYIN 



/Q2 := RESET 

+ 


/S1*/S0*/ADATA2 

-1- ; LOAD A 


/SI* S0*/BDATA2 

+ ;LOAD B 


SI* Q2* Ql* QO* CARRYIN 

+ ;COUNT 


S1*/Q2*/Q1 

-1- 


Sl*/Q2*/Q0 

+ 


S1*/Q2*/CARRYIN 



/Q3 ;= RESET 

+ 


/Sl*/SO*/ADATA3 

-1- ; LOAD A 


/SI* S0*/BDATA3 

+ ;LOAD B 


SI* Q3* Q2* Ql* QO* CARRYIN + ;COUNT 


Sl*/Q3*/Q2 

-1- 


S1*/Q3*/Q1 

-H 


Sl*/Q3*/Q0 

+ 


S1*/Q3*/CARRYIN 



IF( SI ) /BDATAO = /S0*/Q0 -f 

;ENABLE NORMAL 


S0*/Q3 

;ENABLE SWAPPED 


IF( SI ) /BDATAl = /S0*/Q1 -F 

;ENABLE NORMAL 


S0*/Q2 

;ENABLE SWAPPED 


IF( SI ) /BDATA2 = /SO*/Q2 -1- 

;ENABLE NORMAL 


S0*/Q1 

;ENABLE SWAPPED 


IF( SI ) /BDATA3 = /S0*/Q3 -f 

;ENABLE NORMAL 


SO*/QO 

;ENABLE SWAPPED 
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FUNCTION TABLE: 

CLK ADATA3 ADATA2 ADATAl ADATAO BDATA3 BDATA2 BDATAl BDATAO 
/RESET SI SO CARRYIN /OE Q3 Q2 Q1 QO 


C 



A 

A 

A 

A 

B 

B 

B 

B 

/ 



A 









D 

D 

D 

D 

D 

D 

D 

D 

R 



R 









A 

A 

A 

A 

A 

A 

A 

A 

E 



R 








c 

T 

T 

T 

T 

T 

T 

T 

T 

S 



Y 

/ 







L 

A 

A 

A 

A 

A 

A 

A 

A 

E 

S 

S 

I 

0 


q 

q 

Q 



K 

3 

2 

1 

0 

3 

2 

1 

0 

T 

1 

0 

N 

E 


2 

1 

0 

COMMENTS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

Z 

Z 

z 

Z 

;OUTPUT DISABLE 

C 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

;RESET 


C 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

;LOAD A 


C 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

;LOAD B 


C 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

H 

;INCREMENT 

WITH 

C 

X 

X 

X 

X 

L 

L 

H 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

;B NORMAL 


C 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 



c 

X 

X 

X 

X 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

L 

L 



c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 



c 

X 

X 

X 

X 

L 

H 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 



c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 



c 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

; INCREMENT 

WITH 

c 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

;B SWAPPED 


c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 



c 

X 

X 

X 

X 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 



c 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 



c 

X 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H- 

H 

L 

H 

H 

L 

H 



c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 



c 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 



c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 



f 

c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

;DISABLE INCREMENT 


DESCRIPTION: THIS PAL IMPLEMENTS A 4-BIT COUNTER FOR A 
MULTIPLE BUS CPU. THE COUNTER CAN BE LOADED FROM EITHER THE 
ADATA INPUT BUS OR THE BDATA INPUT-OUTPUT BUS. THE CONTENTS 
OF THE COUNTER CAN BE OUTPUT TO THE THREE STATE Q BUS OR THE 
BDATA INPUT-OUTPUT BUS. ADDITIONALLY WHEN THE BDATA BUS IS 
USED TO OUTPUT THE COUNTER CONTENTS EITHER A BIT-NORMAL OR A 
BIT-REVERSED VERSION CAN BE SELECTED. 

MODE DEFINITIONS ARE GIVEN BELOW. 






SI 

SO 

CARRY-IN 

LOAD A 




0 

0 

X 

LOAD B 




0 

1 

X 

HOLD, 

OUTPUT 

B 

NORMAL 

1 

0 

0 

COUNT, 

OUTPUT 

B 

NORMAL 

1 

0 

1 

HOLD, 

OUTPUT 

B 

SWAPPED 

1 

1 

0 

COUNT, 

OUTPUT 

B 

SWAPPED 

1 

1 

1 









AMPALASM20 COMMANDS (CP/M Version) 

AMPALASM20 contains several different commands which 
simplify the design process. These commands not only 
translate the PAL DESIGN SPECIFICATION into a format 
useable by a programmable logic device programmer, but 
also help in checking designs for correctness and assist in 
design documentation. The list of AMPALASM20 commands 
appears below. A detailed description of each command 
follows the list. 

JEDEC: Creates a fuse map in the JEDEC standard 

PLDTF from the PAL DESIGN SPECIFICA¬ 
TION and stores it on disk. 

SIMULATE: Simulates the Boolean equation input by 
comparing it with a user created table of test 
vectors in the PAL DESIGN SPECIFICATION, 
called the FUNCTION TABLE. Following sim¬ 
ulation, a JEDEC standard PLDTF output with 
fuse map and test vectors is created. 

ECHO: Prints a copy of the PAL DESIGN 

SPECIFICATION. 

PLOT: Prints a graphic representation of the pro¬ 

grammed PAL fuse map. 

NEXT: Loads a new file from the disk to be assem¬ 

bled. This allows multiple files to be assem¬ 
bled in a single session. 

CHANGE: Changes the output destination to either the 
CRT, disk or programmer. 

QUIT: Quit AMPALASM20 and return to native oper¬ 

ating system. 


JEDEC STANDARD PROGRAMMABLE LOGIC DATA 
TRANSFER FORMAT “J” 

The Joint Electron Devices Engineering Council (JEDEC) pro¬ 
grammable logic data transfer format (PLDTF) is a universal 
transfer format for fuse and test information between hosts 
and intelligent device programmers. This format is an in¬ 
dustry standard used by many commercial programmer man¬ 
ufacturers. It gives each fuse a unique decimal address 
(specified in a logic diagram schematic) and indicates the 
state of each fuse for the programmed part. The format con¬ 
sists of four main sections: the design specification iden¬ 
tifier, fuse link information, structured functional test infor¬ 
mation, and the sumcheck. The output of this command is a 
fuse map ready to be downloaded to a PAL programmer. 

Details of the various sections of the PLDTF are available in 
Appendix A for the interested user. 

An example of the JEDEC transfer format is shown on the 
next page. All fields except the structured test vectors are 
shown. The structured vectors are only created from 
AMPALASM20 following the SIMULATE command (explained 
later). 
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ENTER PAL20 OPTION: J 


AMPAL16R4 PAL DESIGN SPECIFICATION 

PATTERN NUMBER K2/044-C WARREN MILLER 4/1/82 

DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 

ADVANCED MICRO DEVICES 901 THOMPSON PLACE SUNNNYVALE CA 94086 

*D9724 

*F0-“- 


LOOOO 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

* 

L0032 

nil 

nil 

1110 

nil 

nil 

1011 

nil 

nil 

* 

L0064 

nil 

nil 

nil 

nil 

nil 

0110 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

* 

L0288 

nil 

nil 

nil 

1110 

nil 

1011 

nil 

nil 


L0320 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

nil 

■5E- 

L0512 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0544 

nil 

nil 

nil 

nil 

1011 

1011 

1011 

nil 


L0576 

1110 

nil 

nil 

nil 

nil 

0111 

1011 

nil 

* 

L0608 

0111 

nil 

1101 

1101 

1101 

1101 

0111 

nil 

* 

L0640 

nil 

nil 

1110 

1110 

nil 

nil 

0111 

nil 


L0672 

nil 

nil 

1110 

nil 

1110 

nil 

0111 

nil 

* 

L0704 

nil 

nil 

1110 

nil 

nil 

1110 

0111 

nil 

«- 

L0736 

1011 

nil 

1110 

nil 

nil 

nil 

0111 

nil 


L0768 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0800 

nil 

nil 

nil 

1011 

nil 

1011 

1011 

nil 

■K- 

L0832 

nil 

1110 

nil 

nil 

nil 

0111 

1011 

nil 

«• 

L0864 

0111 

nil 

nil 

1101 

1101 

1101 

0111 

nil 

45- 

L0896 

nil 

nil 

nil 

1110 

1110 

nil 

0111 

nil 

«• 

L0928 

nil 

nil 

nil 

1110 

nil 

1110 

0111 

nil 

«• 

L0960 

1011 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

* 

L1024 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

■S’ 

L1056 

nil 

nil 

1011 

nil 

nil 

1011 

1011 

nil 

■s 

LI 088 

nil 

nil 

nil 

nil 

nil 

0111 

1010 

nil 

S- 

L1120 

0111 

nil 

nil 

nil 

1101 

1101 

0111 

nil 

* 

LI 152 

nil 

nil 

nil 

nil 

1110 

1110 

0111 

nil 

■» 

LI 184 

1011 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

s- 

L1280 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L1312 

nil 

1011 

nil 

nil 

nil 

1011 

1011 

nil 

-JJ. 

L1344 

nil 

nil 

nil 

nil 

nil 

0111 

1011 

1110 

■51- 

L1376 

0111 

nil 

nil 

nil 

nil 

1101 

0111 

nil 

* 

L1408 

1011 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

* 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

* 

L1568 

nil 

nil 

nil 

nil 

1110 

1011 

nil 

nil 

* 

L1600 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

nil 

■Sf 

L1792 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

■55- 

L1824 

nil 

nil 

nil 

nil 

nil 

1010 

nil 

nil 

S- 

L1856 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

nil 

S- 


C8C36* 

89A3 




SIMULATE “S’ 


The SIMULATE command uses the function table entries and the logic equations to emulate the operation of the specified 
device. Any difference between the expected value (computed value) and the actual val ue (function table value) is flagged as a 
fatal error. The output format follows the J EDEC Programmable Logic Data Transfer Format as described previousiy under the 
JEDEC output format command. This output may be used by intelligent device programmers to program and test program¬ 
mable logic devices, verifying logical functionality. An example output of the SIMULATE command is given below: 

ENTER PAL20 OPTION: S 

AMPAL16R4 PAL DESIGN SPECIFICATION 

PATTERN NUMBER K2/044-C WARREN MILLER 4/1/82 

DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 

ADVANCED MICRO DEVICES 901 THOMPSON PLACE SUNNNYVALE CA 94086 

^”-D9724 

*F0* 


LOOOO 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

* 

L0032 

nil 

nil 

1110 

nil 

nil 

1011 

nil 

nil 

* 

L0064 

nil 

nil 

nil 

nil 

nil 

0110 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 


L0288 

nil 

nil 

nil 

1110 

nil 

1011 

nil 

nil 

* 

L0320 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

nil 

* 

L0512 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0544 

nil 

nil 

nil 

nil 

1011 

1011 

1011 

nil 

■j:- 

L0576 

1110 

nil 

nil 

nil 

nil 

0111 

1011 

nil 


L0608 

0111 

nil 

1101 

1101 

1101 

1101 

0111 

nil 

* 

L0640 

nil 

nil 

1110 

1110 

nil 

nil 

0111 

nil 


L0672 

nil 

nil 

1110 

nil 

1110 

nil 

0111 

nil 


L0704 

nil 

nil 

1110 

nil 

nil 

1110 

0111 

nil 

■K- 

L0736 

1011 

nil 

1110 

nil 

nil 

nil 

0111 

nil 

-X- 

L0768 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0800 

nil 

nil 

nil 

1011 

nil 

1011 

1011 

nil 

* 

L0832 

nil 

1110 

nil 

nil 

nil 

0111 

1011 

nil 

* 

L0864 

0111 

nil 

nil 

1101 

1101 

1101 

0111 

nil 

* 

L0896 

nil 

nil 

nil 

1110 

1110 

nil 

0111 

nil 

* 

L0928 

nil 

nil 

nil 

1110 

nil 

1110 

0111 

nil 

* 

L0960 

1011 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

* 

L1024 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 


L1056 

nil 

nil 

1011 

nil 

nil 

1011 

1011 

nil 


L1088 

nil 

nil 

nil 

nil 

nil 

0111 

1010 

nil 

'X- 

L1120 

0111 

nil 

nil 

nil 

1101 

1101 

0111 

nil 

X- 

LI 152 

nil 

nil 

nil 

nil 

1110 

1110 

0111 

nil 

X- 

L1184 

1011 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

* 

LI 280 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

X- 

L1312 

nil 

1011 

nil 

nil 

nil 

1011 

1011 

nil 


L1344 

nil 

nil 

nil 

nil 

nil 

0111 

1011 

1110 


L1376 

0111 

nil 

nil 

nil 

nil 

1101 

0111 

nil 

-X- 

L1408 

1011 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

* 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 


L1568 

nil 

nil 

nil 

nil 

1110 

1011 

nil 

nil 

* 

L1600 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

nil 

•X- 

LI 792 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

nil 


L1824 

nil 

nil 

nil 

nil 

nil 

1010 

nil 

nil 

X- 

L1856 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

nil 

X- 


C8C36* 

VOOOl XXXXXXXXXOIXXZZZZXXI 
V0002 COllllOOlOOllLLLLlll « 
V0003 COllllOOOOOOOHHHHOOl * 
V0004 COlllllOOOOOOLLLLOOl * 
V0005 CIXXXXOIOOOHLHLLLLLI 
V0006 CIXXXXOIOOOLHLHLLLLI » 
V0007 CIXXXXOIOOOHHHHLLLLI 
V0008 CIXXXXOIOOOLLLLHLHLI * 
V0009 CIXXXXOIOOOHLHLHLHLI * 
VOOlO CIXXXXOIOOOLHLHHLHLI * 
VOOll CIXXXXOIOOOHHHHHLHLI * 
V0012 ClXXXXllOOOHLLLLHLLl * 
V0013 ClXXXXllOOOHLHLLHLHl 
V0014 ClXXXXllOOOHLLHLHHLl * 
V0015 ClXXXXllOOOHLHHLHHHl «' 
V0016 ClXXXXllOOOHHLLHHLLl * 
V0017 ClXXXXllOOOHHHLHHLHl 
V0018 ClXXXXllOOOHHLHHHHLl * 
V0019 ClXXXXllOOOHHHHHHHHl * 
V0020 CIXXXXOIOOOLLLLLLLLI * 
V0021 COXXXXOIOOOLLLLLLLLI * 
1B05 




ECHO“E” 

The ECHO command displays the PAL DESIGN SPECIFICATION input fiie on the consoie. This mode aliows the fiie to be 
reviewed for correctness or spooied to a iisting device as a hard copy. An example of the ECHO command is given beiow: 


ENTER PAL20 OPTION: E 

AMPAL16R4 PAL DESIGN SPECIFICATION 

PATTERN NUMBER K2/044-C WARREN MILLER 4/1/82 

DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 
ADVANCED MICRO DEVICES 901 THOMPSON PLACE SUNNYVALE CA 94086 
CLK CARRYIN ADATAO ADATAl ADATA2 ADATA3 SO SI RESET GND 


/OE BDATAO BDATAl QO 


Q1 


Q2 


Q3 BDATA2 BDATA3 VCC 


/QO := RESET 

/Sl-“-/S0-”7 ADATAO 
/SI* SO*/BDATAO 
SI* QO* CARRYIN 
S1*/Q0*/CARRYIN 

/Q1 := RESET 

/S1*/S0*/ADATAl 
/SI* S0*/BDATA1 
SI* Ql* QO* CARRYIN 
S1*/Q1*/Q0 

si*/qi*/carryin 

/Q2 := RESET 

/S1*/S0*/ADATA2 
/SI* S0*/BDATA2 
SI* Q2* Ql* QO* CARRYIN 
S1*/Q2*/Q1 
Sl*/Q2*/Q0 
S1*/Q2*/CARRYIN 


/Q3 := RESET 

/S1*/S0*/ADATA3 
/SI* S0*/BDATA3 
SI* Q3* Q2* Ql* 
Sl*/Q3*/Q2 
S1*/Q3*/Q1 
Sl*/Q3*/Q0 
S1*/Q3*/CARRYIN 


+ 

+ 

+ 

QO* CARRYIN + 
+ 
+ 
+ 


LOAD A 
LOAD B 
COUNT 


LOAD A 
LOAD B 
COUNT 


LOAD A 
LOAD B 
COUNT 


LOAD A 
LOAD B 
COUNT 


IF( SI ) /BDATAO = 
IF( SI ) /BDATAl = 
IF( SI ) /BDATA2 = 
IF( SI ) /BDATA3 = 


/SO*/QO 

S0*/Q3 

/S0*/Q1 

S0*/Q2 

/S0*/Q2 

S0*/Q1 

/S0*/Q3 

S0*/Q0 


+ ;ENABLE NORMAL 

;ENABLE SWAPPED 

+ ;ENABLE NORMAL 

;ENABLE SWAPPED 

+ ;ENABLE NORMAL 

;ENABLE SWAPPED 

+ ;ENABLE NORMAL 

;ENABLE SWAPPED 
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FUNCTION TABLE: 

CLK ADATA3 ADATA2 ADATAl ADATAO BDATA3 BDATA2 BDATAl BDATAO 
/RESET SI SO CARRYIN /OE Q3 Q2 Q1 QO 


C 

aaaabBbb/ a 

DDDDDDDDR R 

AAAAAAAAE R 

CTTTTTTTTS Y/ 


L AAAA AAAA E SS I 0 QQQQ 

K 3210 3210 T 10 N E 3210 COMMENTS 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

Z 

Z 

Z 

Z 

;OUTPUT DISABLE 

c 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

;RESET 

9 

c 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

;LOAD A 

9 

C 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

;LOAD B 

9 

C 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

H 

;INCREMENT WITH 

c 

X 

X 

X 

X 

L 

L 

H 

L 

H 

rf 

L 

H 

L 

L 

L 

H 

L 

;B NORMAL 

c 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 


c 

X 

X 

X 

X 

L 

H 

L 

L 

H 

H 

L 

H 

L 

L 

H 

L 

L 


c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 


c 

X 

X 

X 

X 

L 

H 

H 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 


c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 


c 

X 

X 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

;INCREMENT WITH 

c 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

;B SWAPPED 

c 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 


c 

X 

X 

X 

X 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 


c 

X 

X 

X 

X 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 


c 

X 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 


c 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 


c 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 


c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 


9 

c 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

;DISABLE INCREMENT 


DESCRIPTION; THIS PAL IMPLEMENTS A 4-BIT COUNTER FOR A 
MULTIPLE BUS CPU. THE COUNTER CAN BE LOADED FROM EITHER THE 
ADATA INPUT BUS OR THE BDATA INPUT-OUTPUT BUS. THE CONTENTS 
OF THE COUNTER CAN BE OUTPUT TO THE THREE STATE Q BUS OR THE 
BDATA INPUT-OUTPUT BUS. ADDITIONALLY WHEN THE BDATA BUS IS 
USED TO OUTPUT THE COUNTER CONTENTS EITHER A BIT-NORMAL OR A 
BIT-REVERSED VERSION CAN BE SELECTED. 

MODE DEFINITIONS ARE GIVEN BELOW. 

SI SO CARRY-IN 

LOAD A 0 0 X 

LOAD B . 0 1 X 

HOLD, OUTPUT B NORMAL 10 0 

COUNT, OUTPUT B NORMAL 10 1 

HOLD, OUTPUT B SWAPPED 11 0 

COUNT, OUTPUT B SWAPPED 11 1 
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PLOT “P’ 


The PLOT command displays a graphical representation of the location of blown and intact fuses defined in the PAL DESIGN 
SPECIFICATION. It is oriented similarly to the fuse map in the PAL logic diagram; inputs from top to bottom, product terms 
from left to right. Additionally, the equation is displayed to the right of each product term. A cross “X” indicates an intact link 
and a dash “ - ” indicates a blown link for the appropriate input line. An example plot is given below: 

ENTER PAL20 OPTION: P 


DUAL BUS 4-BIT COUNTER WITH BIT SWAPPABLE OUTPUTS 

11 nil nil 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 

0-X-SI 

1 -X-X- /S0*/Q3 

2 -X—X-S0»/Q0 

3 XXXX XXXX XXXX XXXX xxxx xxxx xxxx xxxx 

4 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

5 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

8 -X-SI 

9 -X-X- /S0*/Q2 

10 -;-X X-so«/Qi 

11 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

12 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

13 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

14 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

15 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


16 -X-RESET 

17 -X-X-X-/S1*/S0*/ADATA3 

18 -X-X-X-/S1»S0«/BDATA3 

19 X-X-X-X-X- X-S1«Q3*Q2»Q1*Q0»CARRYIN 

20 -X X-X-S1*7Q3«/Q2 

21 -X-X-X-S1*/Q3«/Q1 

22 -X-X X-Sl*/Q3»/Q0 

23 -X-X-X-S1«/Q3«/CARRYIN 

24 -X-RESET 

25 -X-X-X-/S1*/S0*/ADATA2 

26 -X-X-X—-/S1«S0*/BDATA2 

27 X-X-X-X- X-S1»Q2«Q1*Q0«CARRY1N 

28 -X-X-X-S1»/Q2*/Q1 

29 -X-X X-Sl*/Q2»/Q0 

30 -X-X-X-S1*7Q2*/CARRYIN 

31 XXXX XXXX XXXX xxxx xxxx xxxx xxxx XXXX 

32 -X-RESET 

33 -X-X-X-/S1*/S0*/ADATA1 

34 -X-X-X-/S1«S0»/BDATA1 

35 X-X-X- X- SnQl«QO*CARRYIN 

36 -X-X X-Sl*/Qn/Q0 

37 -X-X-X-S1»/Q1*/CARRYIN 

38 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

39 XXXX XXXX XXXX XXXX XXXX XXXX xxxx xxxx 

40 -X-RESET 

41 -X-X-X-/S1*/S0«/ADATA0 

42 -X-X-X /S1*S0»/BDATA0 

43 X-X- X-S1*Q0*CARRYIN 

44 -X-X X-S1»/Q0*/CARRYIN 

45 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

46 XXXX XXXX XXXX XXXX XXXX xxxx xxxx xxxx 

47 XXXX xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

48 -X-SI 

49 -X -X-/S0*/Q1 

50 -X-X-S0*/Q2 

51 XXXX XXXX XXXX XXXX XXXX xxxx XXXX xxxx 

52 xxxx XXXX xxxx XXXX XXXX xxxx xxxx xxxx 

53 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

54 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

55 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 


56 -X-SI 

57 -X-X- /SO*/QO 

58 -X-X-S0*/Q3 

59 XXXX XXXX XXXX XXXX XXXX XXXX xxxx xxxx 

60 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

61 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

62 xxxx xxxx xxxx XXXX XXXX xxxx xxxx xxxx 

63 xxxx xxxx xxxx XXXX xxxx xxxx xxxx xxxx 


LEGEND: X : FUSE NOT BLOWN (L.N.O) - : FUSE BLOWN (H,P,1) 

NUMBER OF FUSES BLOWN =1120 
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NEXT“N” 

The NEXT command loads a new file from the disk to be 
assembled. This allows multiple files to be assembled in a 
single session. 

Enter PALASM20 Option: N 

Enter PAL DESIGN SPEC Input Filename: DMC.PAL 

Output Destination: 

D = DISK 
C = CRT 

P = PROGRAMMER (PUN) 

Enter Destination: C 
ASSEMBLY SUCCESSFUL! 


CHANGE“C” 

The CHANGE command reassigns the output destination to 
either the CRT, disk or programmer. 

Enter PALASM20 Option: C 
Output Destination: 

D = DISK 
C = CRT 

P= PROGRAMMER (PUN) 

Enter Destination: C 


QUIT “Q” 

The QUIT command transfers control back to the native 
operating system. 

Enter PALASM20 Option: Q 


ERROR MESSAGES 
Introduction 

AMPALASM20 may produce error messages when improper PAL description files are processed. Three types of error 
messages are possible: warnings, errors, or fatal errors. Examples of typical error messages are given below. Details of others 
are provided on AMPALASM20 HELP file. 

Warning Messages 

Warnings are used to notify the user that an oversight may have been made when the PAL descript ion file was created. A warn¬ 
ing will not prohibit creation of an output file, but the user should check the warnings before programming a device to insure 
that the output matches the intended device definition. 


^C.OCCCOOOOOOOOOOOCOOOOOOOOOOOOOOOOOO.OOOOOOOCOOOO 0 0 0 0 .0 0 0 0 0 0 .^0 

% VCC/GND IS NOT RECOMMENDED TO BE USED % 

% IN THE EQUATIONS! % 

% % 

DESCRIPTION: 

You do not have to use VCC or GND in the equation. Try to delete it. 


%%%%%7%%7777777777777777777777777777777777777777777777777777777 

^ 0 0 0 oooooooooooooooooooooooooooooooooooooooooooooooo^ 

% **-:^4:-warnING--**^^ THE FUNCTION TABLE IS OMITTED % 

% PREVENTING SIMULATION! % 

% % 
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Error Messages 

Errors are used to notify the user that an illegal operation has been requested during execution of AMPALASM20. For exam¬ 
ple if an illegal file is requested as input to or output from AMPALASM20, an error message will be displayed. 

^ o 00 o o ^0 

% -::---:»:-ERROR--“--“-“- INPUT READ ERROR IN LINE @ 1 

% I 

DESCRIPTION: 

Physical read error. 

% C o o o c o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 0 o o o o o o o o o o o o O 0^0 

% -:t^:-::-;'rERROR^:--i-“--- INPUT FILE DOES NOT EXIST, PLEASE 1 

% REENTER! % 

% % 

DESCRIPTION; 

The program cannot find the input file specified; you have to reenter an existing input file 


Fatal Error Messages 

Fatal errors are used to notify the user that a nonrecoverable error exists in a PAL description file. These errors prohibit output 
file creation and must be corrected by the user prior to re-running AMPALASM20. 


^OOOOOOOOOOCOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOCOOOOOOOOOO 0 ^ 

% **-»FATAL ERROR---»- THE PAL PART YOU SPECIFY CAN NOT BE % 

% RECOGNIZED BY AMPALASM 20! % 

% % 

DESCRIPTION: 

This occurs because AMPALASM20 cannot recognize the PAL part you specify in the first 
line, note that the first line must begin with PAL, AMPAL, AmPAL, otherwise will activate 
this fatal error. Check your input file! 

% I 

% -:":--::-FATAL ERROR^:--”-:'^ MISSING PIN NAME FOLLOWING THE SYMBOL % 

% @ IN THE FOLLOWING LINES: 1 

% - % 

% - % 

DESCRIPTION: 

A pin name is missed between the specified pin name and following operator. 


Symbol Definition 

@ is a place holder for the part number or pin name associated with the indicated error. In the displayed error message the 
actual number or name will be shown. 

— is a place holder for the line of text associated with the indicated error. In the displayed error message the actual text will 
be shown. 
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APPENDIX A 

JEDEC Standard Programmable Logic Data 
Transfer Format “J” 

The Joint Electron Devices Engineering Council (JEDEC) pro¬ 
grammable logic data transfer format (PLDTF) is a universal 
transfer format for fuse and test information between hosts 
and intelligent device programmers. This format is an in¬ 
dustry standard used by many commercial programmer man¬ 
ufacturers. It gives each fuse a unique decimal address 
(specified in a logic diagram schematic) and indicates the 
state of each fuse for the programmed part. The format 
consists of four main sections: the design specification iden¬ 
tifier, fuse link information, structured functional test infor¬ 
mation, and the sumcheck. The output of this command is a 
fuse map ready to be downloaded to a PAL programmer. 

Design Specification Identifier 

The DESIGN SPECIFICATION identifier is a heading used by 
the designer to document the device to be programmed. The 
user is free to specify any documenting text desired. The 
AMD recommended format is identical to the first four lines 
of the PAL DESIGN SPECIFICATION. The heading is begun 
with an ASCII “STX” (02 HEX) and is terminated with an ASCII 
asterisk “*” (2A HEX). Notice that this requires the PAL 
DESIGN SPECIFICATION heading to be asterisk free. 

An optional device code can be specified, indicating to the 
device programmer the type of part to be programmed. This 
code is a variable length decimal number, preceded by an 
ASCII “D”(44 HEX) and terminated by an ASCII “*”(2AHEX). 

MSB 


Fuse Link Information 

This section of the format defines the state of each fuse, and 
consists of three fields: fuse default state, link information, 
and checksum. The first field is optional and is used to in¬ 
dicate the fuse default state. If a fuse state isn’t otherwise 
specified, the default state will be used. The default state is 
specified by an ASCII “F” (46 HEX) followed by an ASCII “0” 
(32 HEX) foralow resistance link or an ASCII “1”(33 HEX) for 
a high resistance link. The field is terminated with an ASCII 
(2A HEX). 

The second field, link information, identifies the state of each 
fuse individually. The field begins with an ASCII “L” (4C HEX) 
followed by an ASCII decimal fuse address of variable length, 
terminated by an ASCII “ *” (2A HEX). This indicates the fuse 
address of the first fuse state. The individual fuses are 
specified by an ASCII “0” (32 HEX) or an ASCII “1 ” (33 HEX) in¬ 
dicating low resistance and high resistance respectively. The 
fuse address is incremented for each additional fuse state. 
Thus fuse states can be specified sequentially. Any number 
of fuse addresses may be specified by inserting additional 
“L” fields. If a link is specified 2 or more times, the last state 
replaces the preceding entries. 

The third field is an optional checksum for the link informa¬ 
tion. This checksum is computed by performing a 16-bit addi¬ 
tion of the 8-bit words constructed from the specified state of 
each fuse link in the device. The 8-bit words are constructed 
sequentially from the single bit fuse state definitions. The 
method of constructing these words is shown below. 


LSB 


Word 0 * 

Link No. 765A3210 


Word 1 

Link No. 15 14 13 12 11 10 9 8 

Word 2 

Link No. 23 22 21 20 19 18 17 16 


Word 137 
Link No. 



1100 1099 1098 1097 1096 

last 

link 
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The word encompassing the last link is constructed by set¬ 
ting zeros for all bit locations more significant than the last 
link. The 16-bit sum is expressed as 4 ASCII Hex characters. 
On ASCII “C” precedes the four Hex characters. The last 
character is followed by an ASCII 

Structured Functional Test Information 

The structured functional test information is an optional field 
which can define test vectors to be used by intelligent pro¬ 
grammable logic device programmers to test the logical 
functionality of a programmed device. These vectors specify 
the driven state for inputs and the checked value for outputs. 

The field is specified with an ASCII “V” followed by a variable 
length decimal test vector address. The address is termi¬ 
nated by an ASCII “W”. Following the test vector address is a 
series of 20 characters specifying the driven or tested state 
for each pin. 

The format for each character in the test vector output is 
given below: 

H Test output for a logical HIGH 
L Test output for a logical LOW 


1 Drive input to a logical HIGH 
0 Drive input to a logical LOW 

X Irrelevant. If an output do not test. If an input drive to a 
logical LOW as a default. 

C Drive input from logical LOW to logical HIGH, (clock 
pulse). 

Z Test output for high impedance. 

The test vector is terminated with an ASCII asterisk “*”. 
Multiple test vectors are specified by incrementing the 
decimal vector address by 1 for each additional test vector. 

Sumcheck 

The sumcheck field provides redundancy to help in detecting 
errors in data transmission. This field is constructed by per¬ 
forming a binary addition of each character between the STX 
and ETX in the transmitted file. The resulting least significant 
16 bits are the sumcheck. This number is represented as four 
Hex characters preceded by an ASCII asterisk “ * ” in the final 
printout. 

Examples of the J EDEC transfer format are shown previously 
in descriptions of the JEDEC and SIMULATE commands. 
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Section 5 


Applications 



Four-Bit Slice Registered Barrel Shifter 
Dynamic Memory Control State Sequencer 
GCR (4B-5B) Encoder/Decoder 
Interfacing the 8086 (8088) to the Z-BUS 
An AMD PAL MULTIBUS Arbiter 
Am8500 to MC68000 PAL Interface 

The Berkeley-1 Plus—A High Performance CPU Utilizing PALs 





Four-Bit Slice Registered 

Barrel Shifter 


by Warren Miller 
Advanced Micro Devices 


In most data processing systems, some form of data shifting 
or rotation is necessary. This elementary function is used in 
such diverse applications as floating point arithmetic and 
string manipulation. In the typical computer, the shifter is 
located on the output of the ALU. This architecture ailows 
single cycle add and shift, and mask and shift operations 
(see Figure 1 for a typical computer ALU architecture). 

DESIGN REQUIREMENTS 

A barrel shifter takes data input and cyclically rotates it by an 
arbitrary number of bit positions. This cyclic rotation means 


that data rotated off the most significant end of the shifter is 
brought back on the ieast significant end. The name barrel 
shifter is used because of the circular nature of the shift 
operation. 

The storage register on the output of the shifter is used in this 
architecture to pipeiine the data operation, increasing 
throughput. The three-state buffer on the register output is 
necessary to interface the ALU to the output data bus. 


INPUT DATA BUS 



OUTPUT DATA BUS 


Figure 1. Typical ALU Architecture 
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DESIGN APPROACH 

An 8-bit registered barrel shifter would take at least 8 data in¬ 
puts, 8 registered data outputs, and 3 control lines to imple¬ 
ment (see Figure 2). The AmPAL16R8 has 8 registered data 
outputs but only 8 inputs, not enough to implement the 8-bit 
registered barrel shifter in a single device. In cases like this, 
where the function to be implemented can’t fit into a single 
PAL because of pin limitations, the problem is best ap¬ 
proached by dividing it into smaller functions. These smaller 
functions should be chosen in such a way that each function 
requires a reduced number of pins, hence, easing the pin 
limitation problem. One possible approach would be to 
“slice” the 8-bit function into two 4-bit functions. Figure 3 
shows the approach used to divide the part into two sections, 
each containing a smaller number of pins. 

Notice that every data and control input participates in each 
output function. Thus the 4-bit partition must include all data 


and control inputs, giving a total of 11 array inputs and 4 out¬ 
puts per device. If both devices are programmed identically, 
the 8-bit function can be implemented as shown in Figure 4. 
The data inputs are “offset” by 4 places to differentiate be¬ 
tween the upper and lower nibbles. 

A 4-bit slice of the 8-bit barrel shifter can be implemented in a 
AmPAL16R4. This part allows up to 12 inputs (one more than 
necessary) and 4 registered outputs. The extra input is used 
for a set function, loading the output register with all ones. 
The logic diagram and PALASM listing for the registered bar¬ 
rel shifter slice are shown following. 

The PAL solution requires only two 20-pin packages. An MSI 
version of the 8-bit barrel shifter would require 4 Am25S10 
four-bit shifters and an Am25S374 octal three state register. 
The savings in cost, board space and power are consider¬ 
able, and the PAL solution is also faster. 


D? De Ds 04 03 O 2 0i Oo 

iilUiii 


8-BIT REGISTEREO 
BARREL SHIFTER 


Y7 Ye Ye Y4 Y3 Y 2 Yi Yo 


FUNCTION DEFINITION 



CONTROL INPUTS 

S2 Si So 

Y 7 

INPUT TO OUTPUT MAPPING 

Ye Ye Y 4 Y 3 Y2 Yi 

Yo 

0 

0 

0 

D7 

De 

De 

D4 

D3 

D 2 

Di 

Do 

0 

0 

1 

De 

De 

D4 

D3 

D 2 

Di 

Do 

D7 

0 

1 

0 

De 

D 4 

D3 

D 2 

D 1 

Do 

D7 

De 

0 

1 

1 

04 

D 3 

D 2 

Di 

Do 

D7 

De 

De 

1 

0 

0 

D3 

Dz 

Di 

Do 

D7 

De 

De 

D4 

1 

0 

1 

02 

Di 

Do 

D7 

De 

De 

D4 

D3 

1 

1 

0 

Di 

Do 

D7 

De 

De 

D4 

D3 

Dz 

1 

1 

1 

Do 

D7 

De 

De 

D 4 

D 3 

D 2 

Di 



Figure 2. 8-Bit Registered Barrei Shifter 
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PAL16R4 PAL DESIGN SPECIFICATION 

PATOOl KEVIN M. OW-WING 6/22/82 

4-BIT SLICE FOR AN 8-BIT BARREL SHIFTER 

ADVANCED MICRO DEVICES 

CK D7 D6 D5 D4 D3 D2 D1 DO GND 

/E /SET SO QO Q1 Q2 Q3 SI S2 VCC 

/Q3 := /SET«/S2*/S1*/S0*/D3 + 

/SET*/S2*/S1* S0*/D2 + 

/SET*/S2* Sl*/SO*/Dl + 

/SET*/S2* SI* SO*/DO + 

/SET* S2*/Sl*/SO*/D7 + 

/SET* S2*/S1* SO*/D6 + 

/SET* S2* Sl*/S0*/D5 + 

/SET* S2* SI* SO*/D4 

/Q2 ;= /SET*/S2*/S1*/S0*/D2 + 

/SET*/S2*/S1* SO*/Dl + 

/SET*/S2* Sl*/SO*/DO + 

/SET*/S2* SI* SO*/D7 + 

/SET* S2*/Sl*/SO*/D6 + 

/SET* S2*/S1* S0*/D5 + 

/SET* S2* Sl*/S0*/D4 + 

/SET* S2* SI* S0*/D3 

/Q1 ;= /SET*/S2*/S1*/S0*/D1 + 

/SET*/S2*/S1* SO*/DO + 

/SET*/S2* Sl*/S0*/D7 + 

/SET*/S2* SI* SO*/D6 + 

/SET* S2*/S1*/S0*/D5 + 

/SET* S2*/S1* SO*/D4 + 

/SET* S2* Sl*/S0*/D3 + 

/SET* S2* SI* S0*/D2 

/QO ;= /SET*/S2*/Sl*/SO*/DO + 

/SET*/S2*/S1* S0*/D7 + 

/SET*/S2* Sl*/SO*/D6 + 

/SET*/S2* SI* S0*/D5 + 

/SET* S2*/S1*/S0*/D4 + 

/SET* S2*/S1* S0*/D3 + 

/SET* S2* Sl*/S0*/D2 + 

/SET* S2* SI* SO*/Dl 
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FUNCTION TABLE 


CK /E /SET S2 SI SO D7 D6 D5 D4 D3 D2 D1 DO Q3 Q2 Q1 QO 


HIGH Z TEST 


X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Z 

Z 

Z 

Z 

7 

7 

SET OUTPUTS 

TEST 













C 

L 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

7 

7 

PSEUDO RANDOM BARREL SHIFTER TEST SEQUENCE 





C 

L 

H 

L 

L 

L 

L 

L 

L’ 

L 

L 

L 

L 

H 

L 

L 

L 

H 

C 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

c 

L 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

c 

L 

H 

L 

H 

H 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

c 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

c 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

c 

L 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

c 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

c 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

c 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 


DESCRIPTION: THIS PART IS A 4-BIT SLICE OF AN 8-BIT REGISTERED 

BARREL SHIFTER. IT TAKES 8 DATA INPUTS AND CYCLICALLY ROTATES THE 
DATA FROM 0 TO 7 PLACES UNDER CONTROL OF THE SELECT ( S ) INPUTS. A 
SET INPUT CAN BE USED TO INITIALIZE THE OUTPUTS TO THE ALL ONES 
STATE. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PATOOl KEVIN M. OW-WING 

4-BIT slice for an 8-BIT BARREL SHIFTER 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 

L0512 1110 1110 1111 1111 1011 1111 1110 1101 * 

L0544 1110 1110 1111 nil nil 1011 1101 1101 * 

L0576 1110 1101 nil nil nil nn loio noi * 

L0608 1110 1101 1111 1111 1111 1111 1101 1001 * 

L0640 1001 1110 nil 1111 1111 1111 1110 1101 * 

L0672 1101 1010 nil 1111 1111 1111 1101 1101 * 

L0704 1101 1101 1011 nil 1111 1111 1110 1101 * 

L0736 1101 1101 nil 1011 1111 1111 1101 1101 * 

L0768 1110 1110 nil 1111 1111 1011 1110 1101 * 

L0800 1110 1110 1111 1111 1111 1111 1001 1101 ^ 

L0832 1110 1101 nil 1111 1111 1111 1110 1001 * 

L0864 1010 1101 nil 1111 1111 1111 1101 1101 * 

L0896 1101 1010 nil nil 1111 1111 1110 1101 * 

L0928 1101 1110 1011 nil 1111 1111 1101 1101 * 

L0960 1101 1101 nil 1011 1111 1111 1110 1101 * 

L0992 1101 1101 nil 1111 1011 1111 1101 1101 * 

L1024 1110 1110 1111 1111 1111 1111 1010 1101 * 

L1056 1110 1110 nil 1111 1111 1111 1101 1001 * 

L1088 1010 1101 nil 1111 1111 1111 1110 1101 * 

Lino 1110 1001 1111 1111 1111 1111 1101 1101 * 

Ln52 1101 1110 1011 1111 1111 1111 1110 1101 * 

Ln84 1101 1110 1111 1011 1111 1111 1101 1101 * 

L1216 1101 1101 1111 1111 1011 1111 1110 1101 * 

L1248 1101 1101 nil 1111 1111 1011 1101 1101 * 

L 1280 1110 1110 nil 1111 1111 1111 1110 1001 * 

L1312 1010 1110 1111 1111 1111 1111 1101 1101 * 

L1344 1110 1001 nil nil 1111 1111 1110 1101 * 

L1376 1110 1101 1011 nil 1111 1111 1101 1101 * 

L1408 1101 1110 nil 1011 1111 1111 1110 1101 * 

L1440 1101 1110 1111 1111 1011 1111 1101 1101 * 

L1472 1101 1101 nil nil 1111 1011 1110 1101 * 

L1504 1101 1101 1111 1111 1111 1111 1001 1101 * 

C67E0* 

VOOOl XXXXXXXXXOIXXZZZZXXI * 

V0002 CXXXXXXXXOOOXHHHHXXl * 

V0003 COOOOOOOlOOlOHLLLOOl * 

V0004 COOOOOOlOOOllLLHLOOl * 

V0005 CIOOOOOOOOOIOLHLLIOI * 

V0006 COOIOOOOOOOIIHLLLIOI * 

V0007 COlOOOOOOOOlOLLHLOll * 

V0008 COOOlOOOOOOllLHLLOll * 

V0009 COOlOOOOOOOlOLLLHlll * 

VOOlO COOOOOOlOOOllHLLLlll * 

VOOll COOOOOlOOOOllLLLHOOl * 

V0012 COOOOlOOOOOllLLHLlll * 

994E 
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Dynamic Memory Control 
_ State Sequencer 

by Brad Kitson 

Advanced Micro Devices |||i I 

An example of a control path application for an AMD PAL is in DESIGN REQUIREMENTS 

a memory system. Most large memory systems use MOS a system block diagram is shown in Figure 1. The control bus 
dynamic RAMs. Their high density allows packmg a large p^L state sequencer, 

memory size into a small board area. Dynamic RAM prices jhese include: Memory Request (M^), READ/W^(RW), 
also make them very cost effective. RESET (RST), Refresh Clock (RFCK), and Read-Modify-Write 

(RMW). Two upper address lines of the address bus se rve as 
Dynamic RAMs require external logic for address multiplex- board selects (BSi, BSq), and one local signal, SLOW/FAST 

ing, timing generation and refresh control. This application Memo ry (FAST ), allows use of either slo w or fa st memory. A 

note shows the use of an AmPAL16R8A and an Am2964B to READ/WRITE sequence is initialized by MREQ ANDed with 

provide the necessary external logic for a typical dynamic the proper board select conditions and a refresh sequence is 

memory system. The PAL is used as a state sequencer for initialized by RFCK. If both sequences are requested at the 

timing generation and the Am2964B provides specialized same time, a refresh sequence is performed. RW when HIGH 

control circuitry and reduces timing skew between control selects a READ operation and when LOW selects a WRITE 

signals. This implementation replaces about 20 SSI/MSI operation. RMW when HIGH selects a Read-Modify-Write 

packages. cycle. 



Figure 1. Dynamic Memory Controller 
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The outputs of the PAL provide the timing and cont rol in puts t 2 - WE is held LOW until t 4 . RAS, MS and CAS are brought 

to the Am2964B. These are; Row/ Address Strobe (RA S), Ad - HIGH at ts. The rising edge of any of these 3 signals may be 

dress Multipl exer Se lect (MS), Column Address Strobe (CAS), used to latch output data during a Read operation. The state 

and Refresh (RFSH). In addition, the PAL provides the Write sequencer is then disabled for 3 states to allow/ for memory 
Enable (WE) to the Memory Array. Figure 2 shows the timing precharge, 
for fast R EAD/WRITE cycles. The memory cycle is Initi ated 

by MREQ going LOW. The PAL responds by bringing RAS By holding the FAST input LOW, an extended memory cycle is 

LO W at to, followed by MS going LOW at ti, and finally bring- available to accommodate slower RAMs.The timing appears 

ing CAS LOW at t 2 . If RW is LOW, WE is also brought LOW at in Figure 3. 



03862A-87 


Figure 2. Fast READ/WRITE Cycle 
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RAS-Only refresh cycle timing is shown in Figure 4. The 
refresh cycle is initiated when RFC K goe s HIGH. The RFSH 
output goes LOW at to, followed by RA S at t y The Am2964B 
supplies the necessary refresh address. RAS is brought back 
HIGH at to and precharge is then timed out. An extended 
refresh cycle for slower memory is available also. Burst 
refresh can be accomplished by leaving RFCK HIGH for as 
many refresh cycles as desired. 


Read-Modify-Write cycle timing is activated by setting RMW 
HIGH. This is especially valuable in systems with Error De¬ 
tection/Correction (EDO) capability. Data can be read, 
modified by the EDO circuitry (Am2960), and if necessary, 
written back to memory in a single memory cycle. Read- 
Modify-Write cycle timing is shown in Figure 5. Note that WE 
goes LOW at the end of the cycle. 


to tl to to t4 ts ts t7 U t9 tio tll tl2 

_J K 

RF5H ^ / 


\ _ / 


MS 


CA§ 


Figure 4. RAS-Only Refresh Cycle 
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Figure 5. Read-ModIfy-Write Cycle 
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DESIGN APPROACH 

The first step in the state sequencer design process is to 
define the timing waveforms for ail of the functions desired. 
Figures 2,3,4 and 5 are the result. Next, characteristics of the 
resulting wave forms a re examined. Init ially, th e sequencer is 
wait ing on th e MR EQ or RFCK input. If MREQ goes LOW, the 
RA Sto MS to CAS sequence is initiated. If RFCK goes HIGH, 
the RFSH to RAS sequence is initiated. Both sequences are 
equivalent to a simple “shift” function. Once the shift se¬ 
quence is completed and the signals are asserted, they must 
stay asserted for a specific time depending on the selected 
function. To time the length that signals must stay asserted 


requires a “counting” function. The precharge sequence at 
the end of all cycles also requires “counting”. This partitions 
most of the design into two smaller functional blocks; a 
shifter and a counter. The remaining function select and con¬ 
trol logic is partitioned into a “multiplexer-like” functional 
block. Figure 6 shows the PAL partitioned into functional 
blocks. By dividing the design into blocks, its implementa¬ 
tion becomes simple. 

The following pages show the easy to read PAL DESIGN 
SPECIFICATION and a logic diagram for the AmPAL16R8A 
dynamic memory state sequencer. 


RMW 

FAST 

RST 

MREQ 

RFCK 

RW 

BSi, BSo 
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Figure 6. Partitioned Design/PAL Equivalent 
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PAL16R8 

PAL DESIGN SPECIFICATION 

PAT002 

BRAD S. KITSON 2/10/82 

DYNAMIC 

MEMORY CONTROL STATE SEQUENCER 

ADVANCED MICRO DEVICES 

CK RECK /RST RW /MREQ RMW FAST BSl BSO GND 

/E /QO 

/Q1 /Q2 /RFSH /WE /CAS MS /RAS VCC 

II 

o 

O' 

/RST* /MS*/Q0 + 

/RST* RFSH*RAS*/Q0 
/RST*/FAST*/Q0*Q2 + 

/RST*/FAST*/Q0*Q1 + 

/RST*/FAST* Q1*Q2 + 

/RST* FAST*/RMW*Q0*/Q1 + 

/RST* FAST*/RMW*Q0*/Q2 

Q1 ;= 

/RST* RAS*/Q0* Q1 + 

/RST* RAS* Q0*/Q1 + 

/RST*/RAS* QO* Q1 + 

/RST*/RAS*/Q0* Q2 

Q2 := 

/RST*RAS*Q2 -1- 

/RST* Q0*Q2 + 

/RST*RAS*Q0*Q1 

RFSH ;= 

/RST*RFCK*/Q2*/Q1*/Q0*/RAS + 

/RST*RFSH*RAS + 

/RST*RFSH*/FAST* Q1 + 

/RST*RFSH* Q2 

WE ;= 

/RST*/RW*/MS*/RFSH*/RMW*/Q0*/Q2 + 

/RST*/RW*/MS*/RFSH*/RMW*/Q1*/Q2 -f- 
/RST*/RW*/MS*/RFSH* RMW*/Q0* Q1*Q2 -l- 
/RST*/RW*/MS*/RFSH* RMW* Q0*/Q1*Q2 

CAS := 

/RST*/RFSH*/MS*/Q0 + 

/RST*/RFSH*/MS*/Q1 + 

/RST*/RFSH*/MS*/Q2 

/MS ;= 

/RST*/RFSH*RAS*/Q0 + 

/RST*/RFSH*RAS*/Q1 + 

/RST*/RFSH*RAS*/Q2 

RAS ;= 

/RST*/RFCK*/Q0*/Q1*/Q2*MREQ*/BS1*/ES0 -l- 
/RST*/RFSH*/Q0*/Q1*/Q2*MREQ*/BS1*/BS0 -i- 
/RST* RFSH*/Q0*/Q1*/Q2 -f- 
/RST*RAS*/Q0 + 

/RST*RAS*/Q1 + 

/RST*RAS*/Q2 
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FUNCTION TABLE 


CK /E /RST /MREQ BSl BSO RFCK RW RMW FAST RAS /MS CAS WE RFSH Q2 Q1 QO 


•INITIALIZE 
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DYNAMIC MEMORY CONTROL STATE SEQUENCER FOR USE WITH 

THE 

AM2964B MEMORY 

CONTROLLER. 

THE 

SEQUENCER PROVIDES /RAS,MS,/CAS, 

, & REFRESH TIMING 


GENERATION TO THE AM2964B AND /WE TO THE 

DRAMS. 

IT 

SUPPORTS 

BOTH FAST 

(150NS) AND SLOW 

(BOONS) READ/WRITE CYCLES, 

/RAS ONLY REFRESH, BURST 

REFRESH, AND READ-MODIFY- 

-WRITE FOR 

MEMORY 

BOARDS 

OF 

UP TO 256K. 
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*FO* 

LOOOO 

1011 

0111 

nil 

1011 

1111 

1101 

1001 

1001 

* 

L0032 

nil 

0111 

nil 

1011 

1101 

1101 

1001 

1001 

* 

L0064 

nil 

0111 

nil 

1111 

1110 

1101 

1101 

1101 

* 

L0096 

1110 

0111 

nil 

1111 

1111 

nn 

1111 

1101 


L0128 

1110 

0111 

nil 

1111 

1111 

1111 

1101 

nil 

* 

L0160 

1110 

0111 

nil 

1111 

1111 

1101 

1111 

nil 

* 

L0256 

1110 

0111 

nil 

1111 

1101 

1111 

1111 

1101 

* 

L0288 

1110 

0111 

nil 

1111 

1101 

1111 

1101 

1111 

* 

L0320 

1110 

0111 

nil 

1111 

1101 

1101 

1111 

1111 

* 

L0512 

nil 

0110 

nil 

1111 

1101 

1111 

1111 

1101 


L0544 

nil 

0110 

nil 

1111 

1101 

1111 

1101 

1111 

* 

L0576 

nil 

0110 

nil 

1111 

1101 

1101 

1111 

1111 

* 

L0768 

nil 

0110 

1011 

nn 

1001 

1101 

1111 

1101 

* 

L0800 

nil 

0110 

1011 

1111 

1001 

1101 

1101 

1111 

* 

L0832 

nil 

0110 

1011 

1111 

0101 

1110 

1110 

1101 

* 

L0864 

nil 

0110 

1011 

1111 

0101 

1110 

1101 

1110 


L1024 

0101 

0111 

nil 

1111 

1111 

1101 

1101 

1101 

* 

L1056 

1110 

0111 

nil 

1111 

1110 

1111 

1111 

1111 

* 

L1088 

nil 

0111 

nil 

1111 

1110 

1011 

1110 

1111 

* 

L1120 

nil 

0111 

nil 

1111 

1110 

1110 

1111 

1111 

* 

L1280 

1110 

0111 

nil 

1111 

nn 

1110 

1111 

1111 

* 

L1312 

nil 

0111 

nil 

nil 

1111 

1110 

nil 

1110 

* 

L1344 

1110 

0111 

nil 

1111 

1111 

1111 

1110 

1110 

* 

L1536 

1110 

0111 

nil 

1111 

1111 

1111 

1110 

1101 

* 

L1568 

1110 

oin 

nil 

1111 

1111 

1111 

1101 

1110 

* 

L1600 

1101 

0111 

nil 

1111 

1111 

1111 

1110 

1110 


L1632 

1101 

0111 

nil 

1111 

1111 

1110 

1111 

1101 

* 

L1792 

nil 

0110 

nil 

1111 

1111 

1111 

1111 

1101 

* 

L1824 

1110 

0111 

nil 

1111 

1110 

1111 

1111 

1101 

* 

L1856 

nil 

0111 

nil 

1111 

1111 

1010 

1111 

1101 

•K- 

L1888 

nil 

0111 

nn 

1111 

1111 

1011 

1110 

1101 

* 

L1920 

nil 

0111 

nil 

1111 

1111 

1010 

1110 

1111 

■it 

L1952 

nil 

0111 

nil 

1111 

1011 

0111 

1101 

1110 

■K- 

L1984 

nil 

0111 

1111 

1111 

1011 

0101 

1111 

1110 

•K- 

C713B* 









VOOOl 

CXOXXXXXXOOHHHHHHHHl 






V0002 

COIXOXXOOOOHHHHHHHL1 

* 





V0003 

CXIXXXXXXOOHHHHHHLLI 

* 





V0004 CXIOXOIXXOOLHHHLLLLI 

* 





V0005 

CXIOXOIXXOOLLHHLLLLI 

* 





V0006 

CXIOXOIXXOOLHLHHLLLI 

* 





V0007 

CXIOXOIXXOOLLLHHLLLI 

* 





V0008 

CXIOXOIXXOOHHLHHHHHI 






V0009 

CXIOXOIXXOOHLHHHHHHI 

* 





VOOlO CXIOXOIXXOOHHHHHHHHI 

* 





VOOll 

CIIXIXXXXOOHHHLHHHH1 

* 





V0012 

Cl IXXXXXXOOHHHLHHHLl 

* 





V0013 

CXIXXXIXXOOLHHLHHHLI 

* 





V0014 CXIXXXIXXOOLLHLHHHLI 

* 
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V0015 CXIXXXIXXOOLHLLHHHLI * 
V0016 CXIXXXIXXOOLLLLHHHLI * 
V0017 CXIXXXIXXOOHHLLHHHHI * 
V0018 CXIXXXIXXOOHLHLHHHHI * 
V0019 CXIXXXIXXOOHHHHHHHHI * 
V0020 COIXOXXOOOOHHHHHHHLI * 
V0021 CXIXXXXXXOOHHHHHHLLI * 
V0022 CXIOXIOXXOOLHHHHLLLI * 
V0023 CXIOXIOXXOOHLHHHLLLI * 
V0024 CXIOXIOXXOOLLHIIHLLLI * 
V0025 CXIOXIOXXOOHHLHHLLLI * 
V0026 CXIOXIOXXOOLHLHHLLLI *• 
V0027 CXIOXIOXXOOHLLHLLLLI * 
V0028 CXIOXIOXXOOLLLHLLLLI * 
V0029 CXIOXIOXXOOLHLHHHHHI * 
V0030 CXIOXIOXXOOHHLHHHHHI * 
V0031 CXIOXIOXXOOLLHHHHHHI * 
395F 
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LOGIC DIAGRAM FOR: 

DYNAMIC MEMORY CONTROL STATE SEQUENCER USING AmPAL16R8A 
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GCR (4B-5B) 
Encoder/Decoder 


by Warren Miller ^^||| 
Advanced Micro Devices 

One of the more common logic functions performed on serial 
data is the data encode/decode function. Usually it is desir¬ 
able to map (encode) the logical bit stream to a physical bit 
stream, adjusting for the peculiarities of the particular trans¬ 
mission or storage media. 

Noise, bandwidth, and reliability considerations may mean 
that a different data format would be desirable when data is 
sent along to or stored on a given media. For example, group- 
coded recording (GCR) formats take a given number of data 
bits and encode them with a larger number of bits. A 4B-5B 

GCR code would take 4 data bits and encode them into 16 
states with 5 new bits. A particular 4B-5B code is shown in 
Table 1. 

This mapping allows at most two zeros to occur in succes¬ 
sion. Also note that data combinations with more than one 
zero at the beginning and end of the word are excluded. This 
is necessary to insure that when data words are serialized, no 
more than two zeros occur in succession at any point in the 
bit stream. Finally, the data combination 11111 is reserved as 
a synchronization mark. In tape systems, this results in in¬ 
creased bit density and eases clock synchronization. 

Table 1. 4B-5B Code 

4B-5B Code 

4-Bit Data 5-Bit Data 

0 0 0 0 

110 0 1 

0 0 0 1 

110 11 

0 0 10 

10 0 10 

0 0 11 

10 0 11 

0 10 0 

1110 1 

0 10 1 

10 10 1 

0 110 

10 110 

0 111 

10 111 

10 0 0 

110 10 

10 0 1 

0 10 0 1 

10 10 

0 10 10 

10 11 

0 10 11 

110 0 

11110 

110 1 

0 110 1 

1110 

0 1110 

1111 

0 1111 
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DESIGN REQUIREMENTS 

The system diagram in Figure 1 shows how the GCR En¬ 
coder/Decoder (GCR E/D) interfaces to a tape drive and tape 
controiier. Paraliei input data is given to the GCR E/D, con¬ 
verted to the 5-bit format, seriaiized, and written to the tape. 
On a read, the serial data from the tape is parallelized, con¬ 
verted back to the 4-bit format and output to the tape con¬ 
troller. Additionally, during a r ead, two status signals are 
developed. The first signal, INV, indicates the presence of an 
invalid input, ie., too many zeros in succession. The second 
status signal, H, indicates the detection of the synchroniza¬ 
tion mark ( 11111 ). 

The operation modes for the GCR E/D are shown in the Data- 
Flow Diagrams of Figure 2. The control signal definition and 
operation functions are indicated for each operation mode. 
In particular, the data flow between each bit of the output 
register is indicated schematically. 

The first mo de of op eration of the GCR E/D is the HOLD 
mode. When ENABLE is HIGH, all dataoperations on the out¬ 
put register are disabled, independent of the two mode con¬ 
trols, Ml and Mq. The output data is simply fed-back to the 
register inputs. Thus the register content is retained after the 
clock transition. 

When the ENABLE input is LOW, the operations indicated by 
the M 1 and Mq mode bits are executed on the clock transition. 
When and Moareboth LOW,theSERIALSHIFTIN models 
selected. In this mode the output register is configured as a 
serial shift register. The serial input is consecutively shifted 
into the register until all 5 bits from the tape have been stored, 
MSB at Y 3 and LSB at SERIAL OUT. 


The CONVE RT SERIA L INPUT AND LOAD operation is se¬ 
lected when ENABLE is LOW, M^ is HIGH and Mq is LOW. 
After the 5 bits of data have been serialized by the SERIAL 
SHIFT IN instruction, the 5B code must be converted to a4B 
code. This is accomplished by taking the outputs of the 5 
register bits and converting them to 4 bits with combinatorial 
logic. On the clock transition, the result is loaded into the Y 
register. On the same clock transition that loads the con¬ 
verted data into the Y register, the serial input is loaded into 
the serial output register. Because the serial data is being 
read continuously, one data bit per clock transition, the con¬ 
version must be done without missing a serial data bit. 

The CONVERT PARALLEL INPUT AND LOAD operation is 
selected when ENABLE is LOW, Mi is HIGH and Mq is HIGH. 
This mode takes the 4 input data bits and converts them to 
the 5 bit representation. The result is loaded into the output 
register on the clock transition. The LSB of the 5B representa¬ 
tion is loaded into the Y 3 bit of the output register and the 
MSB is loaded into the serial output bit. This configuration, in 
conjunction with the next instruction, allows the serial data 
to be written to the tape drive one bit per clock transition. 

The final operation, SERIAL SHIFT OUT, is selected when 
ENABLE is LOW, M, is LOW and Mq is HIGH. After the CON¬ 
VERT PARALLEL INPUT AND LOAD operation is executed, 
the SERIAL SHIFT OUT operation outputs the converted data 
to the tape drive. A series of one convert operation followed 
by 4 shift operations will transfer a sequence of 5-bits to the 
tape drive, one bit per clock cycle. 
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Figure 1. Typical Tape Storage System 
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Figure 2. GCR E/D Mode Definitions 
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DESIGN APPROACH 


The PAL implementation of the GCR Encoder/Decoder takes 
advantage of the multiplexer-like structure of the AND-OR ar¬ 
ray. Each valid combination of ENABLE, and Mq selects a 
different set of AND terms. In some cases, only one term is 
selected (in data steering operations for example). In other 
cases, multiple AND terms are selected to implement a com¬ 
binatorial logic function (the 5B to 4B conversion for 
example). This concept, using the control inputs to enable 
one or more AND terms, allows the direct implementation of 
the PAL design from the mode Data-Flow Diagrams (with a 
little Karnaugh map help). The K-Maps for the 5B to 4B con¬ 
version logic and the4B to5B conversion logic for the Y 3 out¬ 
put are shown in Figures 3 and 4. Given these maps and the 
flow diagrams in Figure 2, the Boolean equations can be con¬ 
structed for the Y 3 output. The resulting equation, in PALASM 
format, is shown in Figure 5. 

It is important to note that the equation in Figure 5 is written 
for the inverse of the Y 3 output (Y 3 ). This is necessary if true 
data is desired on the output pin because of the inverting 
nature of the output buffer on the PAL. The inverted form of 
the equation is easij^implemented by selecting the negative 
version of the data (Y 3 in the hold operation for example) or by 
grouping zeros in a combinatorial logic function (see Figures 
3 and 4). Notice that the multiplexer strategy works equally 
well for active LOW or active HIGH logic functions. 


Once the transformation of the Data-Flow Diagrams and 
K-Maps to Boolean equations is understood, the interested 
reader should be able to construct K-Maps for the other Y out¬ 
puts and, in conjunction with the Data-Flow Diagrams of 
Figure 2, write the PALASM equations for the resulting logic 
functions. This exercise will help the reader to fully appreci¬ 
ate the advantages of the Data-Flow Diagram/Multiplexer 
method of PAL design. Consult the full PALASM listing 
(Figure 9) for the complete solutions. 

Once the data portion of the Encoder /Dec oder is completed, 
only the two status outputs, H and INV, need to be imple¬ 
mented. H indicates the synchronization mark (11111) has 
been detected and is simply an AND of Y3 through Squt- INV 
indicates an invalid serial input was received. 

The INV signal is registered and held until the clear INV flag 
input (GIF) is brought LOW, deactivating the flag. Only during 
a 5B-4B conversion operation (Mi = HIGH, M o = L OW) is the 
INV flag activated. Figures 6 and 7 show the INV flag mode 
definitions and the intermediate INVALID logic equation 
respectively. 

In this case, an a ctive LOW output is desired so the active 
HIGH form of the INV signals is developed internally. Ones 
are grouped in the intermediate combinatorial logic function 
(INVALID) and the true version of th e data is selected. The 
complete PALASM equation for INV is given in Figure 8 . 



SOUT=0 S0UT = 1 


A3 = Y3*Y2-rY3*S0UT 03862A-96 


Figure 3. 5B to 4B Conversion K-Map for Y 3 Output 



Bo = D 3 *Do-rDi*Do 03862A-97 

Figure 4. 4B to 5B Conversion K-Map for Y 3 Output 


Ys : = EN * Y 3 


EN * Mi * Mo * Y 2 
EN * Mi * Mo * SouT 
EN * Mi * Mo * Y 3 • SouT 
lN*Mi 

EN * Mi * Mo * D 3 * Do 
EN * Ml * Mo ♦ Di • Do 


-H ;HOLD 

+ ;SERIAL SHIFT IN 
+ ;SERIAL SHIFT OUT 
+ ;CONVERT SERIAL 
+ iINPUT AND LOAD 
-I- ;CONVERT PARALLEL 
;INPUT AND LOAD 


Figure 5. PALASM Equation for Y 3 
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DATA-FLOW DIAGRAM 


CLEAR INV 
FLAG 


HOLDINV 
FLAG 


Y3 Y2 Yi Yo SoUT 



Figure 6. INV Flag Mode Definitions 03862A-g9 


YiYo 

Y3Y2 X 0 0 01 11 10 

oo'(M J_1_^ 

01^001 
11^0 0 1 
1 0 ® 0 oil 


YiYo 

Y 3 Y 2 \ 0 0 0 1 1 1 1 0 

0 ^ (^ 1 1 ^ 

01 

11^0 @ 0 
^^0 ^^ 0 0 0 
SoUT = 1 


INVALID=Y3*^ -h 

^*Yi*Yo + 

Yo ♦ SoUT + 

Y 3 * Y 2 * Yi * Yo * SoUT 

Figure 7. PALASM Equation for INVALID 


INV:= CIF* INV 

aF*Mi*Mo*Y3*Y2 
CIF * Mi * Mo * Yo * SoUT 
GIF* Mi *Mo*Y 2 *Yi* Yo 
aF,*Mi*M3*Y3*Y2*Yi *Yo*Sout 


;HOLD INV FLAG 

+ ;SET INV FLAG IF INVALID IS TRUE 


Figure 8. PALASM Equation for INV 
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PAL16R6 
PAT003 

4B-5B ENCODER/DECODJiR 
ADVANCED MICRO DEVICES 
CK Ml MO D3 D2 D1 DO /EN /CIF GND 
/E SIN /INV YO Yl Y2 Y3 SOUT /H VCC 


PAL DESIGN SPECIFICATION 
WARREN K. MILLER 2/15/82 


/SOUT := EN*/SOUT 

/EN*/Ml*/MO*/SIN 
/EN*/M1* MO*/YO 
/EN* Ml*/MO*/SIN 
/EN* Ml* MO* D3* 
/EN* Ml* MO* D3* 


D1 

DO 


/YO := EN*/YO 

/EN*/Ml*/MO*/SOUT 
/EN*/M1* MO*/Yl 
/EN* Ml*/MO*/SOUT 
/EN* Ml*/MO* Y3* Y2*/YO 
/EN* Ml* MO*/D3* D1 
/EN* Ml* M0*/D3* D2* DO 

/Yl := EN*/Y1 

/EN*/Ml*/MO*/YO 
/EN*/M1* MO*/Y2 
/EN* Ml*/MO*/YO 
/EN* Ml*/MO* Y3* Y2 
/EN* Ml* MO*/D2 

/Y2 ;= EN*/Y2 

/EN*/M1*/M0*/Y1 
/EN*/M1* M0*/Y3 
/EN* Ml*/MO*/Yl 
/EN* Ml* M0*/D3*/D1*/D0 
/EN* Ml* MO*/rl3* D2*/D1 
/EN* Ml* MO* D3*/D1* DO 

/Y3 := EN*/Y3 

/EN*/M1*/M0*/Y2 
/EN*/M1* MO*/SOUT 
/EN* Ml*/MO* Y3* SOUT 
/EN* Ml*/MO* Y3*/Y2 
/EN* Ml* MO* D3*/D0 
/EN* Ml* MO* Dl*/DO 


INV ;= /CIF* INV + 

/CIF* Ml*/MO*/Y3*/Y2 + 

/CIF* M1*/M0*/Y2*/Y1*/Y0 + 

/CIF* M1*/MO*/YO*/SOUT + 

/CIF* Ml*/MO* Y3* Y2* Yl* YO* SOUT 


= Y3* Y2* Yl* YO* SOUT 


HOLD 

SERIAL SHIFT IN 
SERIAL SHIFT OUT 
CONVERT SERIAL INPUT AND LOAD 
CONVERT PARALLEL INPUT AND LOAD 


HOLD INV FLAG 

SET INV FLAG IF INVALID TRUE 
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FUNCTION TABLE 


CK /E /EN Ml MO D3 D2 D1 DO SIN /GIF Y3 Y2 Y1 YO SOUT /INV /H 


HIGH Z TEST 

HXXXXXXXX X ZZZZZ Z 

INITIALIZE /INV 

LXXXXXXXX L XXXXX H 


SERIAL SHIFT IN TEST 
LHHHHHHHX H 
LHLLXXXXH H 
LHLLXXXXH H 
LHLLXXXXH H 
LHLLXXXXH H 
LHLLXXXXH H 

SYNCHRONIZATION MARK DETECT TEST 
LHHHLLLLX H 


H H H H L 
H H H L H 
H H L H H 
H L H H H 
L H H H H 
H H H H H 


H L L H H 


4B TO 5B CONVERSION FOLLOWED BY 5B TO 
NOTE THAT DURING RECONVERSION THE BIT 
LHHLXXXXL H L 

LHHHLLLHX H H 

LHHLXXXXL H L 

LHHHLLHLX H L 

LHHLXXXXL H H 

LHHHLLHHX H H 

LHHLXXXXL H L 

LHHHLHLLX H H 

LHHLXXXXL H L 

LHHHLHLHX H H 

LHHLXXXXL H L 

LHHHLHHLX H L 

LHHLXXXXL H H 

LHHHLHHHX H H 

LHHLXXXXL H L 

LHHHHLLLX H L 

LHHLXXXXL H H 

LHHHHLLHX H H 

LHHLXXXXL H L 

LHHHHLHLX H L 

LHHLXXXXL H H 

LHHHHLHHX H H 

LHHLXXXXL H H 

LHHHHHLLX H L 

LHHLXXXXL H H 

LHHHHHLHX H H 

LHHLXXXXL H L 

LHHHHHHLX H L 

LHHLXXXXL H H 

LHHHHHHHX H H 

LHHLXXXXL H H 


4B RECONVERSION 
ORDER IS REVERSED 
L H H L H 

H L H H H 

L L H L H 

H L L H H 

L L H L H 

H L L H H 

L L L L H 

L H H H H 

H H H L H 

L H L H H 

H L H L H 

H H L H H 

H L H L H 

H H L H H 

H L L L H 

H L H H H 

L H H L H 

L L H L H 

L H L L H 

H L H L H 

L H L L H 

H L H L H 

L L L L H 

H H H H H 

H H H L H 

L H H L H 

H H L L H 

H H H L H 

H H L L H 

H H H L H 

H L L L H 
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; SERIAL SHIFT IN TEST 

CLHHHHHHHX H HHHHL H H 

CLHLHXXXXX H LHHHH H H 

CLHLHXXXXX H HLHHH H H 

CLHLHXXXXX H HHLHH H H 

CLHLHXXXXX H HHHLH H H 

CLHLHXXXXX H HHHHL H H 

CLHLHXXXXX H LHHHH H H 


DESCRIPTION 

THIS PART IMPLEMENTS A 4B 5B ENCODER/DECODER FOR TAPE DRIVES. ON 
A WRITE IT ENCODES THE 4B INPUT DATA TO THE 5B FORMAT AND SERIALIZES 
THE DATA. ON A READ THE 5B DATA IS SHIFTED IN, RECONVERTED TO THE 
4B FORMAT, AND OUTPUT TO THE DATA BUS. 
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PAL16R6 PAL DESIGN SPECIFICATION 

PAT003 WARREN K. MILLER 2/15/82 

4B-5B ENCODER/DECODER 

ADVANCED MICRO DEVICES 

*D9724 

#FO* 

Loooo 1111 nil nil nn nn nn nn nn * 

L0032 1111 1101 1101 1101 1101 1101 1111 1111 * 

L0256 nil 1110 1111 1111 1111 1111 1011 1111 * 

L0288 1011 1011 nil 1111 1111 1111 0111 1110 * 

L0320 1011 0111 nil 1111 1111 1110 0111 1111 * 

L0352 0111 1011 nil 1111 1111 1111 0111 1110 * 

L0384 0111 0111 0111 nil 0111 1111 0111 1111 * 

L0416 0111 0111 0111 nil 1111 0111 0111 1111 * 

L0512 nil 1111 1110 1111 1111 1111 1011 1111 * 

L0544 1011 1011 nil 1110 1111 1111 0111 1111 * 

L0576 1011 0110 nil 1111 1111 1111 0111 1111 * 

L0608 0111 1001 1101 nil 1111 1111 0111 1111 * 

L0640 0111 1011 1101 1110 nil 1111 0111 1111 * 

L0672 0111 0111 0111 nil 1111 1011 0111 1111 * 

L0704 0111 0111 nil 1111 0111 1011 0111 1111 * 

L0768 nil 1111 1111 1110 1111 1111 1011 1111 * 

L0800 1011 1011 1111 1111 1110 1111 0111 1111 * 

L0832 1011 0111 1110 nil 1111 1111 0111 1111 * 

L0864 0111 1011 nil nil 1110 1111 0111 1111 * 

L0896 0111 0111 1011 nil 1011 1011 0111 1111 * 

L0928 0111 0111 1011 0111 1011 1111 0111 1111 * 

L0960 0111 0111 0111 nil 1011 0111 0111 1111 * 

L1024 nil 1111 1111 1111 1110 1111 1011 1111 * 

L1056 1011 1011 nil 1111 1111 1110 0111 1111 * 

L1088 1011 0111 nil 1110 1111 1111 0111 1111 * 

Ln20 0111 1011 1111 1111 1111 1110 0111 1111 * 

Ln52 0111 1011 1101 1101 1111 1111 0111 1111 * 

Ln84 0111 0111 1111 1011 1111 1111 0111 1111 * 

L1280 1111 1111 1111 1111 1111 1110 1011 1111 * 

L1312 1011 1010 nil 1111 1111 nil 0111 nn * 

L1344 1011 0111 1111 1111 1110 1111 0111 1111 * 

L1376 0111 1010 1111 1111 1111 nil 0111 1111 * 

L1408 0111 1011 1101 1101 1111 1110 0111 1111 * 

L1440 0111 0111 1011 1111 0111 nil 0111 1111 * 

L1472 0111 0111 1011 0111 1111 0111 0111 1111 * 

L1536 nil 1111 1111 1111 1111 1111 1110 0111 * 

L1568 0111 1011 1110 1110 nil nil 1111 0111 * 

L1600 0111 1011 1111 1110 1110 1110 1111 0111 * 

L1632 0111 1010 nil 1111 1111 1110 1111 0111 * 

L1664 0111 1001 1101 1101 1101 1101 1111 0111 * 

C8E23* 

VOOOl XXXXXXXXXOIXZZZZZZXI * 

V0002 CXXXXXXXOOOXHXXXXXXl * 

V0003 CnilllllOOXHHHHHLHl * 

V0004 COOXXXXllOOlHLHHHHHl * 

V0005 COOXXXXllOOlHHLHHHHl * 

V0006 COOXXXXllOOlHHHLHHHl * 

V0007 COOXXXXllOOlHHHHLHHl * 

V0008 COOXXXXllOOlHHHHHHLl * 
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V0009 Cl100001lOOXHHLLHHHl * 
VOOlO ClOXXXXllOOOHHHLLLHl * 
VOOll Cl10001llOOXHHLHHHHl * 
V0012 ClOXXXXllOOOHHLLLLHl * 
V0013 Cl100101lOOXHLLHLHHl * 
V0014 ClOXXXXllOOOHHLLHLHl * 
V0015 CllOOllllOOXHLLHHHHl * 
V0016 ClOXXXXllOOOHLLLLLHl * 
V0017 Cl101001lOOXHHHLHHHl * 
V0018 ClOXXXXllOOOHHHHLLHl * 
V0019 Cl10101llOOXHLHLHHHl * 
V0020 ClOXXXXllOOOHHLHLLHl * 
V0021 CllOllOllOOXHLHHLHHl * 
V0022 ClOXXXXllOOOHHLHHLHl * 
V0023 CllOlllllOOXHLHHHHHl * 
V0024 ClOXXXXllOOOHLLHLLHl * 
V0025 Cl110001lOOXHHLHLHHl * 
V0026 ClOXXXXllOOOHHHLHLHl * 
V0027 ClllOOlllOOXHHLLHLHl * 
V0028 ClOXXXXllOOOHLHLLLHl * 
V0029 ClllOlOllOOXHHLHLLHl * 
V0030 ClOXXXXllOOOHLHLHLHl * 
V0031 ClllOllllOOXHHLHHLHl * 
V0032 ClOXXXXllOOOHLLLHLHl * 
V0033 CllllOOllOOXHHHHLHHl * 
V0034 ClOXXXXllOOOHHHHHLHl * 
V0035 CllllOlllOOXHHHLHLHl * 
V0036 ClOXXXXllOOOHLHHLLHl * 
V0037 ClllllOllOOXHHHHLLHl * 
V0038 ClOXXXXllOOOHLHHHLHl * 
V0039 CllllllllOOXHHHHHLHl * 
V0040 ClOXXXXllOOOHLLHHLHl * 
V0041 CllllllllOOXHHHHHLHl * 
V0042 COlXXXXllOOXHHHHLHHl * 
V0043 COIXXXXIlOOXHHHLHHHl * 
V0044 COIXXXXIlOOXHHLHHHHl * 
V0045 COIXXXXIlOOXHLHHHHHl * 
V0046 COIXXXXIlOOXHHHHHLHl * 
V0047 COlXXXXllOOXHHHHLHHl * 
CA76 
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LOGIC DIAGRAM FOR: 

GCR ENCODES/DECODES USING AmPAL16R6 

Columns: Inputs (0-31) 





-3|(- = Fuse intact —[x)— = All fuses intact —= Fuse blown 
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Interfacing the 8086 (8088) 

to the Z-BUS 


by Nick Zwick 
Advanced Micro Devices 


This application note describes how replacing two 8086 sup¬ 
port chips with a Z8000 support chip and an AmPAL16R8A 
allows the 8086 CPU to interface directly to the Z-BUS. Since 
the timing of the signals used is the same for the 8088 CPU, 
this circuit will work equally well in those applications. 

Interfacing the 8086 CPU to the Z-BUS allows 8086 users to 
take advantage of the very powerful Z8000 peripheral and 
memory support circuits that are available. The Z8000 
peripheral circuits in particular offer the user higher 
throughput rates, simpler control software and less system 
overhead requirements than any previous generation periph¬ 
eral family for any CPU. 


DESIGN REQUIREMENTS 

The 8086 CPU can operate in two different modes. In mini¬ 
mum mode, it generates all the bus control and timing 
signals for the 8086 (8085, 8088) buses directly on-chip. In 
maximum mode, the CPU puts out status information early in 
each bus cycle and relies on an external bus controller chip, 
the 8288, to generate timing and control signals. This im¬ 
plementation uses the CPU in maximum mode and replaces 
the 8288 with a programmable array logic element 


(AmPAL16R8A) that generates the Z-BUS timing and control 
signals from the status signals provided by the CPU. It also 
makes use of the AmZ8127 clock generator to allow precise 
timing resolution by providing an oscillator signal at 3 times 
the CPU clock frequency. The AmZ8127 provides all the clock 
generation functions of an 8284A as well as several addi¬ 
tional functions. Either clock chip will work in this system. 

The bus controller provides the following functions: 

—Generates AS, DS, INTACK and R/W with proper timing 
relative to address and data. 

—Provides simultaneous assertion of AS and DS during 
reset. 

—Automatic insertion of 1 wait state for all I/O cycles. 
—Synthesizes a single Z-BUS interrupt acknowledge cycle 
from the 8086 lACK cycles. 

Figure 1 shows the circuit interconnection diagram^ The 
system u ses a hig h speed AmPAL16R8A to generate AS, DS, 
R/W and INTACK of the Z-BUS, RDY for wait state generation, 
and three internal state variables. The registers are clocked 
with the 15MHz OSC signal from the 8127. The five input 
signals to the PALare 5MHz CPU Clock Signal (CLj<), ^s^m 
Reset (RESET), and the three CPU Status States (Sq, Si, S 2 ). 



Figure 1. Circuit Interconnection Diagram 
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The CPU indicates the start of a bus cycie by bringing at ieast 
one of the status iines iow from the idie high state (see 
Figure 2). This starts an internai timing sequence within the 
PAL which_corresponds cioseiy to the various T states of a 
bus_^cle. AS is asserted during the time CLK is LOW during 
Ti. DS is asserted at the start of T 3 . if it is an i/0 cycie, then 
RDY wouid be disabled for one CLK period straddling T 2 and 
T 3 causing the 8127 to request 1 wait state after T 3 . In either 
case, DS remains asserted until after the first 1 / 3 ofT 4 , which 
is identified by the status lines returning to the idle staje dur- 
[ng the previous cycle. R/W is generated by sampling Sq and 
Si during AS. 


It is in the realm of interrupts where the Z8000 peripherals 
shine over other periperhals. Each peripheral can identify 
many different exception conditions during its operation. 
The occurrence of one or more of these conditions causes ac¬ 
tivation of a single interrupt request line. The peripheral 
wants the CPU to respond with a single interrupt acknowl¬ 
edge cycle, during which the peripheral resolves priority and 
provides the CPU with enough status and vector information 
to allow it to respond to the exception without any further in¬ 
terrogation of the peripheral. This allows interrupt driven 
systems to achieve very high data throughput rates. 


I T1 I T2 I T3 I T, I Ti I T2 I T3 I T„ I T4 I T1 I 

8127 0SC tttttttttttttttttttftttttttttttt 

I**—— 66.6ns 





The 8086 CPU responds to an interrupt request with a se- DESIGN APPROACH 
quence of two interrupt acknowiedge cycies, and only in the 

second is any data read off the bus. As stated before, the To implement this design in a AmPAL16R8A requires recog- 

Z-BUS peripherals require only one acknowledge cycle. The nizing the Z-BUS timing characteristics in Figures 2 and 3. 

timing a[this has to be such that there is enough delay be- The major characteristic to consider is counting the phases 

tween AS going HIGH and DS going LOW to allow any priori- of a bus cycle. Internal state variables Poand Pi are the result 

tizing daisy chains to settle, and DS has to be wide enough to (see Figure 4a). An additional internal state variable (I 2 ) is 

allow the peripheral time to place vector or status informa- necessary to count the second bus cycle of an interrupt 

tion on the bus. Figure 3 shows how these two requirements acknowl edge seq uence, ^shown in Figure 4b, I 2 in conjunc- 

are accomplished by turning the two a_c_knowledge cycles tion with INTACK allows AS to be asserted only in the first in- 

into one. Thejirst cycle allows only AS and the second terrupt acknowledge cycle and DS only in the second. The 

asserts only DS and does so for the complete cycle. This ap- RESETJnput i^jjsed to initializ^he in_^rnal variables and 

pears to the peripheral as one very long bus cycle which is assert AS and DS. Note also that Sp and Si are included in the 

id entified a s an interrupt acknowledge cycle by the assertion DS equation to prevent DS from being asserted during a halt 

of INTACK. cycle. 


I T1 I Ta I Ta I Ti I T| I T| I T1 I T2 I T3 I T4 I T1 


.,»osc t t t f f t f t t t t f t t t f t t t t t 1 t t t t t t t t t t f 



DS 
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Figure 3. Interrupt Acknowledge Timing Diagram 
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The fact that AMD PALs are user programmable allows a 
great deal of flexibility for the designer. Minor timing changes 
are easily implemented by simply adding or changing a term 
in the logic equations and reprogramming the device. In this 
system, we have timing resolution to 67ns. This same con¬ 
figuration can be used with a 24MHz crystal for 8MHz CPU 
chips. The logic equations would change because the OSC 
period would be 42ns. The only hardware change would be 
the crystal. 

An additional PAL could also perform chip select decoding 
based on both address and status signals. 


CONCLUSION 

We have seen how a properly programmed PAL can be used 
to replace a specialized bus controller chip and allow an 8086 
CPU to interface directly to Z-BUS peripheral(s) and/or 
memory systems. This brings all the advantages of the supe¬ 
rior Z8000 peripheral family in terms of both throughput and 
ease of use to 8086 users with no increase in chip count while 
still allowing a wide range of design flexibility. The logic 
diagram and PALASM equations for the AmPAL16R8A 8086 
to Z-BUS interface chip are also shown. 


m 
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Figure 4a 
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Figure 4b 
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PAL16R8 

PAL DESIGN SPECIFICATION 

PAT004 

NICK ZWICK 6/21/82 

8086 TO Z-BUS INTERFACE CHIP 


ADVANCED MICRO DEVICES 


CK RESET CLK /SO /SI /S2 NC 

NG NC GND 

/E /PO /PI /RW /DS /AS /INTACK RDY /I2 VCC 

;INTERNAL STATE VARIABLES 


PO := /RESET* S0*/P0*/P1*/CLK + 

/RESET* S1*/P0*/P1*/CLK + 

/RESET* S2*/P0*/P1*/CLK + 

/RESET*PO*/CLK 

+ 

/RESET*P1*CLK* SO 

+ 

/RESET*P1*CLK* SI 

+ 

/RESET*P1*CLK* S2 


PI := /RESET*P0*/P1*CLK 

-f- 

/RESET*P1*/CLK 

+ 

/RESET*P1*CLK* SO 

+ 

/RESET*P1*CLK* SI 

+ 

/RESET*P1*CLK* S2 


12 ;= /RESET*INTACK*/I2*CLK*P0*P1 + 

/RESET*I2*/P1 

+ 

/RESET*I2*/P0 

+ 

/RESET*I2*P0*P1*/CLK 


;Z-BUS OUTPUT SIGNALS 


AS ;= RESET 

+ 

/P0*/P1*CLK*/I2 

+ 

AS*/P0*/I2*/DS 


DS ;= RESET 


/INTACK*/P0*P1*CLK*S0 

+ 

/INTACK*/P0*P1*CLK*S1 

+ 

12* SO* SI* S2 

+ 

DS*P0*P1 


RW ;= AS*S0*/S1 

+ 

RW*/AS 


INTACK := /RESET* SO* SI* S2 

+ 

/RESET*INTACK*/I2*P1 

+ 

/RESET*I2 


/RDY := /RESET*S0*/S1* S2*/P0*P1 -I- ; DISABLE READY ON I/O OP 

/RESET*/S0*S1* S2*/P0*P1 
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FUNCTION 

TABLE 











CK RESET CLK /S2 /SI /SO 

PO 

PI 

12 

/AS /DS /RW /INTACK RDY 

•INITIALIZE 












C 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

X 

H 

H 

•MEMORY 

WRITE OPERATION 









C 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

C 

L 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

C 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

H 

C 

L 

L 

H 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

C 

L 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

C 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

C 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

C 

L 
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H 

C 
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H 

L 

L 

H 

H 

C 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

H 

H 

C 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

C 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

•I/O READ OPERATION 










C 

L 

H 

L 

L 

H 

L 

L 

L 

L 

H 

L 

H 

H 

C 

L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

C 

L 

L 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

C 

L 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

C 

L 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

L 

C 

L 

L 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

L 

C 

L 

H 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

C 

L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

H 

C 

L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

H 

C 

L 

H 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

H 

C 

L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

H 

C 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

C 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

C 

L 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

•TWO CYCLE INTERRUPT SEQUENCE 
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CL LLLL LHHHLHL H 

CL LLLL LHHHLHL H 

CL HLLL HHHHLHL H 

CL LLLL HHHHLHL H 

CL LHHH HHHHLHL H 

CL HHHH LLLHLHL H 

CL LHHH LLLHHHH H 


DESCRIPTION 

THIS DEVICE IS USED FOR INTERFACING THE 80S6 CPU DIRECTLY TO THE Z-BUS 
ALLOWING INTEGRATION OF THE VERY POWERFUL Z8000 PERIPHERAL AND MEMORY 
SUPPORT CIRCUITS INTO 8086 SYSTEMS. THE DEVICE IS DESIGNED TO WORK IN 
CONJUNCTION WITH THE Z8127 CLOCK GENERATOR FOR PRECISE TIMING 
RESOLUTION. 
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PAL16R8 

PAT004 

8086 TO Z-BUS INTERFACE CHIP 
ADVANCED MICRO DEVICES 
*D9724 
*F0* 

LOOOO 1001 0111 1110 1111 1111 
L0032 1010 nil nil nn nn 
L0064 1010 1111 1111 1111 1111 
L0096 1010 1011 nil 1111 1111 
L0256 1011 nil 1011 0111 1011 
L0288 1011 nil 0111 1011 1011 
L0512 1011 nil 1011 1011 1011 

L0544 1001 nil 1110 1111 1111 
L0576 1010 nil 1111 1111 1111 
L0768 0111 nil nil 1111 1111 
L0800 1101 0111 1111 1111 1111 
L0832 1101 nil 1111 1110 1101 
L1024 0111 nil 1111 1111 1111 
L1056 nil 0111 1001 1111 1111 
L1088 nil 0111 1101 1011 1111 
Ln20 1110 1111 1011 1011 1011 
Ln52 1111 1111 1111 1111 1110 
L1280 1111 1111 1011 0110 1111 
L1312 nil 1111 1111 1101 1111 
L1536 1011 0111 nil nil 1111 
L1568 1011 1011 nil 1111 1111 
L1600 1011 0111 1011 1111 1111 

L1632 1011 0111 nil 1011 nil 
L1664 1011 0111 nil 1111 1011 
L1792 1011 1011 1011 nil 1111 
L1824 1011 1011 nil 1011 nil 
L1856 1011 1011 1111 1111 1011 

L 1888 1011 1011 nil nil nil 

L1920 1011 0111 1011 1111 1111 
L1952 1011 0111 nil 1011 1111 
L1984 1011 0111 nil 1111 1011 
C7nD* 

VOOOl ClXXXXXXXOXHHXLLHHHl * 
V0002 COOlllXXXOXHHHHHHHHl * 
V0003 COlOllXXXOXHHHHLHHHl * 
V0004 COOOllXXXOXLHLHLHHHl * 
V0005 COOOllXXXOXLHLHHHHHl * 
V0006 COlOllXXXOXHLLHHHHHl * 
V0007 COOOllXXXOXHLLHHHHHl * 
V0008 COOOllXXXOXHLLHHHHHl * 
V0009 COlOllXXXOXLLLLHHHHl * 
VOOlO COOOllXXXOXLLLLHHHHl * 
VOOll COOlllXXXOXLLLLHHHHl * 
V0012 COllllXXXOXHHLLHHHHl * 
V0013 COOlllXXXOXHHLHHHHHl * 
V0014 COOlllXXXOXHHLHHHHHl * 
V0015 COllOOXXXOXHHLHLHHHl * 
V0016 COOIOOXXXOXLHHHLHHHI * 
V0017 COOIOOXXXOXLHHHHHHHI 


PAL DESIGN SPECIFICATION 
NICK ZWICK 6/21/82 


nil 1110 1110 * 
nil 1101 1111 * 
1111 1111 1101 * 
1111 1110 1110 * 
1111 1110 1101 * 
1111 1110 1101 * 
1111 1111 1111 * 
1111 1110 1111 * 
1111 1111 1111 * 
1111 1111 1111 * 
1111 1101 1101 * 
1111 1111 1101 * 
1111 1111 1111 * 
1111 1110 1101 * 
1111 1110 1101 * 
1111 1111 1111 * 
1111 1110 1110 * 
1111 1111 1111 * 
1110 1111 1111 * 
1111 1101 1110 * 
1111 1110 1111 * 
1111 1110 1111 * 
1111 1110 1111 * 
1111 1110 1111 * 
1111 1101 1101 * 
1111 1101 1101 * 
1111 1101 1101 * 
1111 1111 1110 
1111 1110 1111 * 
1111 1110 1111 * 
nn 1110 1111 * 
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V0018 COllOOXXXOXHLHHHHHHl * 
V0019 COOIOOXXXOXHLHHHHLHI * 
V0020 COOIOOXXXOXHLHHHHLHI * 
V0021 COllOOXXXOXLLHLHHLHl * 
V0022 COOIOOXXXOXLLHLHHHHI * 
V0023 COOIOOXXXOXLLHLHHHHI * 
V0024 COllOOXXXOXLLHLHHHHl * 
V0025 COOIOOXXXOXLLHLHHHHI * 
V0026 COOlllXXXOXLLHLHHHHl * 
V0027 COllllXXXOXHHHLHHHHl * 
V0028 COOlllXXXOXHHHHHHHHl * 
V0029 COIOOOXXXOXHHHHLLHHI * 
V0030 COOOOOXXXOXLHHHLLHHl * 
V0031 COOOOOXXXOXLHHHHLHHl * 
V0032 COIOOOXXXOXHLHHHLHHI * 
V0033 COOOOOXXXOXHLHHHLHHl * 
V0034 COOOOOXXXOXHLHHHLHHl * 
V0035 COIOOOXXXOXLLHHHLHHI * 
V0036 COOOOOXXXOXHLHHHLHHl * 
V0037 COOlllXXXOXLLHHHLHHl * 
V0038 COllllXXXOXHHHHHLHLl * 
V0039 COOlllXXXOXHHHHHLHLl * 
V0040 COOlllXXXOXHHHHHLHLl * 
V0041 COIOOOXXXOXHHHLHLHLI * 
V0042 COOOOOXXXOXLHHLHLHLl * 
V0043 COOOOOXXXOXLHHLHLHLl * 
V0044 COIOOOXXXOXHLHLHLHLI * 
V0045 COOOOOXXXOXHLHLHLHLl * 
V0046 COOOOOXXXOXHLHLHLHLl * 
V0047 COIOOOXXXOXHLHLHLHLI * 
V0048 COOOOOXXXOXHLHLHLHLl * 
V0049 COOlllXXXOXLLHLHLHLl * 
V0050 COllllXXXOXHHHLHHHHl * 
V0051 COOlllXXXOXHHHHHHHHl * 
A334 
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DIAGRAM FOR: 

) ZBUS INTERFACE USING AmPAL16R8 


Columns: Inputs (0-31) 
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An AMD PAL 
MULTIBUS Arbiter 

by Mark S. Young 
Advanced Micro Devices 


The popularity of bus oriented systems can be traced to their 
iow cost, flexibility, and expandability. Expansion is easy 
because a well defined standard enforces compatibility and 
simplifies interfacing. The MULTIBUS is a good example of a 
popular and easily used bus standard. However, all of these 
bus systems require some way of interacting with the other 
devices on the bus. This interaction is generally controlled by 
an arbitration unit. This application note will describe how a 
PAL can be used to construct a custom MULTIBUS arbiter 
which is higher performance and more economical than the 
LSI alternatives. 

DESIGN REQUIREMENTS 

Since the MULTIBUS can have more than one master trying to 
use the bus at the same time, an arbitration scheme is re¬ 
quired to ensure correct operation of the system. Prioritiza¬ 
tion is accomplished by assigning different access priorities 
to the different bus masters. The two implementations avail¬ 
able to assign priority are serial and parallel. The s erial 
method involves a daisy chain of bus grant ins (BPRN) and 
bus grant outs (BPRO) with higher priority devices occupying 
the positions closer to the beginning of the chai n (Figu re 1 a). 
The parallel method prioritizes the bus request s (BRE Q) of all 
the masters and generates a bus grant in (BPRN) to the 
master of highest priority (Figure 1b). The priority decoder of 
Figure 1b is easily implemented in a single AmPAL16L8 
(Figure 1c). 

The timing requirements for the MULTIBUS are very easy to 
implement and are designed to handle the usual timing prob¬ 
lems that appear in many systems. Control signals are all ac¬ 
tive LOW so that unconnected signals don’t interfere with the 


normal operation of the bus. All bus arbitration is syn¬ 
chronous and all data transfers are asynchronous (see 
Figures 2a and 2b). The only requirement is that an address 
be valid 50ns before any control signals (read or write) 
become active. This prevents subtle timing problems caused 
by slow buffer/driver turn-on times. 

The arbitration and grant timing (illustrated in Figure 2c) is 
also straightforward. Transfer requests are sent to the ar¬ 
biters which then decide who gets the bus. if a master device 
is currently using the bus and is ordered off, it is allowed to 
complete its current bus transfer cycle (i.e., the current word 
or byte only). If the master, which was overruled, still needs 
the bus, it must wait until its priority is high enough to regain 
the bus. 

A typical seque nce is initiated when an external request is 
received (SREQ) from a master device. This signal is synchro¬ 
nized to insure a valid bus request, minimizing the possibility 
of a metastable state occurring. After synchronization, the 
bus priority out (BPRO) line is disabled to signal lower priority 
masters in the chain that a higher priority master wants the 
bus (serial method). In the parallel method, bus request and 
common bus request (BREQ and CBREQ) are asserted to let 
the other MULTIBUS arbit ers kno w a master wants the bus. 
Now, if the bus is not busy (BUSY is inactive), then the arbiter 
grants the requesting master access to the bus and asserts 
BUSY. The address buffers are enabled at this time, one cycle 
ahead of the read and write signals. When the master re¬ 
ceives a bus acknowledge (XACK) from the slave device, a 
single transfer cycle has occurred. The bus master then re¬ 
leases the bus and if it needs to do more transfers, another 
arbitration/grant cycle must take place. 
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Figure 1a. Serial Priority Resoiution 
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Figure 1b. Parallel Priority Technique 



Figure 1c. PAL Implementation of Parallel Priority Resolution for MULTIBUS 
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Figure 2a. Read AC Timing 
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Figure 2c. Bus Control Exchange Operation 
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DESIGN APPROACH 


The first step in actuaiiy designing the arbiter was to convert 
the arbitration/grant and controi signai sequence into a 
simpie state transition diagram (see Figure 3). The state dia¬ 
gram was then partitioned into its three basic components; 
—request/synchronization 
—grant/access iogic 
—controi signais 

The b us req uest iogic decides when to issue a bus request 
using SREQ along with a qualifying read or write request (RD 
or WR). This signal is then fed through a double synchronizer 
(states 1 and 2). This creates an internally stable bus request 
signal for the arbiter state machine (see Figure 4a). Next, this 


request is fed into a bus grant flip-flop through some in¬ 
tervening logic. The intervening logic uses current bus status 
lines to determine whether to acquire the bus, give it up after 
the current transfer cycle is complete, or hold the bus (see 
grant/access logic in Figure 4b). The final major function is 
the bus control logic. After succ essful acquisit i on of the bus , 
the appropriate control signals (MRDC, MWTC, lORC, lOWC) 
and address buffer enables must be a sserted. In this case, 
the address buffer enable/grant (AEN) line is run through a 
flip-fl op to become a delayed read/write control signal enable 
(OEN). This gives the drivers enough turn-on and set-up time 
(100ns minimum) for the address to stabilize on the MULTIBUS. 
The bus transfer control signal logic is illustrated in Figure 4c. 



Figure 3. PAL MULTIBUS Arbiter State Transition Diagram 
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Figure 4a. Request Synchronizer 
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Figure 4b. Grant/Access Logic 
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The RESET line is run to all the registers to provide a syn¬ 
chronous reset for arbiter initialization. The full MULTIBUS 
standard requires a control signal drive capability of 32mA 
for all of its control lines. The PAL 24mA drive specification 
can drive up to 7 cards on the bus, which is more than ade¬ 
quate for almost all applications. 

A couple of interesting features are available which show the 
flexibility and functionality of PALs in a custom logic design 
such as this. The available MULTIBUS arbiters, like most LSI 
devices, have been optimized for one processor family. Any 
microprocessor (from the Z80 to the 8086, Z8000 or 68000) can 
be interfaced to the MULTIBUS by tailoring the request logic 
of the PAL arbiter. This can result in a significant parts count 
reduction. The MULTIBUS uses open collector drivers for 
several signal lines (BUSY and CBREQ). While PALs don’t 
have open collector drivers, that condition can easily be 


simulated by enablihg the output drivers only when the out¬ 
put is active. In addition, most MULTIBUS arbiters force each 
master to re-arbitrate for access to the bus at the end of each 
data transfer. However, in the PAL arbiter design, if a master 
is executing multiple data transfers and if no master of 
higher priority is requesting the bus then the current master 
can retain the bus and execute more transfers. This reduces 
bus arbitration overhead and increases bus bandwidth. Fi¬ 
nally, at the completion of all transfers, the current bus 
master normally releases the bus. In this design, if no one 
wants the bus, the last master to use it holds onto the bus on 
the assumption that it is going to be the next user. If it is, ar¬ 
bitration time is saved. If not, no time is lost. 

Figure 5 shows a block diagram of the arbiter and bus control 
logic (which fits into 1/2 of a AmPAL16L8). A complete logic 
diagram and PALASM equations of the AmPAL16R4 are 
shown on the following pages. 
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Figure 5. PAL MULTIBUS Arbiter with Bus Control Logic 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT005 MARK S. YOUNG 6/22/82 

MULTIBUS ARBITER 
ADVANCED MICRO DEVICES 

BCLK /RD /WR /SREQ /RESET /BPRN NC NC NC GND 
/E /CBREQ /BUSY /SYNC /BPRO /AEN /OEN /BREQ NC VCC 

SYNC ;= /RESET*SREQ*RD + 

/RESET*SREQ*WR 

BPRO := /RESET*SYNC 

AEN := /RESET* AEN*BPRO*WR + 

/RESET* AEN*BPRO*RD + 

/RESET*BPRO*BPRN*/BUSY + 

/RESET* AEN*BPRN*/CBREQ 

OEN ;= /RESET*SREQ*AEN 

IF(BPRO*/AEN) CBREQ = BPRO*/AEN 

IF(AEN) BUSY = AEN 

BREQ = BPRO + 

AEN 
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FUNCTION TABLE 


BCLK /E /RESET /RD /WR /SREQ /BPRN SYNC BPRO AEN OEN CBREQ BUSY BREQ 


;INITIALIZE 

C L 

L 

•WRITE 

OPERATIO 

C L 

H : 

C L 

H 

C L 

H ] 

C L 

H ] 

C L 

H 1 

C L 

H 

C L 

H 

C L 

H 

C L 

H 


;REMOVE THE ARB 
C L H 

•READ OPERATION 


C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H 

C 

L 

H ] 

C 

L 

H ] 

C 

L 

H ] 



DESCRIPTION 

THIS DEVICE IS A MULTIBUS ARBITER, IT SUPPORTS BOTH SERIAL AND PARALLEL 
BUS ARBITRATION SCHEMES. INTERNAL SYNCHRONIZATION LOGIC MINIMIZES THE 
POSSIBILITY OF METASTABLE CONDITIONS. THE GRANT/ACCESS LOGIC HAS BEEN 
DESIGNED TO MINIMIZE BUS ARBITRATION OVERHEAD. THE TRANSFER CONTROL 
LOGIC HAS BEEN DESIGNED TO ALLOW INTERFACING A WIDE VARIETY OF 
PROCESSORS TO THE MULTIBUS. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT005 MARK S. YOUNG 6/22/82 

MULTIBUS ARBITER 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 

L0256 nil nil nil nn nn nn nn nn * 

L0288 1111 1111 1111 1111 1110 nil 1111 1111 * 

L0320 1111 1111 1111 1110 1111 nil 1111 1111 * 

L0512 1111 1111 1011 0110 1111 1111 1111 1111 * 

L0768 nil 1011 nil 0110 1110 1111 1111 1111 * 

L0800 1011 1111 1111 0110 1110 1111 1111 1111 * 

L0832 nil 1111 1111 0111 1010 nil 1101 1111 * 

L0864 1111 1111 1111 0110 1011 1111 1111 1101 * 

L1024 nil 1111 1111 0111 1111 1110 1111 1111 * 

L1280 1011 nil 1011 0111 1111 1111 1111 1111 * 

L 1312 nil 1011 1011 0111 1111 nil 1111 1111 * 

L1536 1111 1111 1111 1110 1111 1111 1111 1111 * 

L 1568 nil nil 1111 1110 1111 1111 1111 1111 * 

L1792 nil 1111 1111 1101 1110 1111 1111 1111 * 

L1824 nil 1111 1111 1101 1110 1111 1111 1111 * 

C3602* 

VOOOl CXXXOXXXXOOllHHHHHXl * 

V0002 CllOlOXXXOOllHHHHHXl * 

V0003 ClOOlOXXXOOllLHHHHXl * 

V0004 CIOOIOXXXOOLILLHHLXI * 

V0005 CIOOIOXXXOOIXLLLHLXI * 

V0006 CIOOIOXXXOOILLLLLLXI * 

V0007 CIOOIOXXXOOILLLLLLXI * 

V0008 CIOOIOXXXOOILLLLLLXI * 

V0009 CllOlOXXXOOlLHLLLLXl * 

VOOlO CllllOXXXOOlLHHLHLXl * 

VOOll CinilXXXOOllHHHHHXl * 

V0012 CllOlOXXXOOlOHHHHHXl * 

V0013 COIOIOXXXOOIOLHHHHXI * 

V0014 COIOIOXXXOOLOLLHHLXI * 

V0015 COIOIOXXXOOLOLLHHLXI * 

V0016 COIOIOXXXOOLOLLHHLXI * 

V0017 COIOIOXXXOOIXLLLHLXI * 

V0018 COIOIOXXXOOILLLLLLXI * 

V0019 COIOIOXXXOOILLLLLLXI * 

V0020 COIOIOXXXOOILLLLLLXI * 

V0021 COIOIOXXXOOILLLLLLXI * 

V0022 CllOlOXXXOOlLHLLLLXl * 

V0023 CllllOXXXOOlLHHLHLXl * 

5484 
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LOGIC DIAGRAM FOR: 

MULTIBUS ARBITER USING AmPAL16R4 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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Am8500 to MC68000 
_ PAL Interface 

by Mark S. Young 
Advanced Micro Devices 


Modern 16-bit microprocessors, such as the 8086, Z8000, and 
68000, are being used to form the nucleus of powerful per¬ 
sonal/business computers and engineering workstations. 
However, support peripheral chips are virtually non-existent 
for the most recently introduced 16-bit CPUs such as the 
Motorola 68000. Since the modern microprocessor system 
depends as much on the peripheral controllers as it does on 
the CPU, it is important for a system designer to have a large 
variety of peripheral chips available. The 8500 family of 
peripheral chips from AMD, provides users of non-multi- 
plexed bus microprocessors, such as the 68000, a variety of 
powerful peripheral chips that can be interfaced easily with a 
single programmable array logic (AMD PAL) device. 

THE Am8500 FAMILY 

The Am8500 family is a group of programmable peripheral 
chips which offload a variety of system functions from the 
main CPU. They support a variety of operating modes which 
are specified by writing to their control registers. The current 
members of the family include the Am8536 Counter/Timer 
and Parallel I/O Unit (CIO), the Am8038 FIFO Input/Output In¬ 
terface Unit (FIO), and the Am8530 Serial Communications 
Controller (SCC). While the object of this article is not to dis¬ 
cuss the capabilities of the Am8500 family, a brief overview is 
necessary to fully understand its interface requirements. 

The Am8536 is a counter/timer chip which has available three 
16-bit counters. These timer/counters have features such as 
duty cycle control (pulsed, one-shot, or square waved), retrig¬ 
gering options, and external access control lines. The CIO 
also provides up to 20 lines of programmable I/O ports. The 
Am8038 FIO is an asynchronous 128 byte buffer specially 
designed to be used by two CPUs or a CPU and a peripheral 
device as a communication or data buffer. It supports a vari¬ 
ety of handshake interfaces on both I/O ports. Finally, the 
Am8530 SCC is a dual channel, multi-protocol data communi¬ 
cations peripheral. The SCC functions as a serial to parallel, 
parallel to serial converter/controller. It supports a wide vari¬ 
ety of serial communications protocols and includes exten¬ 
sive on-board hardware such as baud rate generators, digital 
phase-locked-loops, and crystal oscillators to reduce the 
need for external logic. 


The Control and frequently used Data registers are accessed 
in a different manner. These registers are accessed using a 
single cycle or write. This scheme allows the CPU to interact 
efficiently with the 8500 peripherals during normal use. The 
slower, clumsier initialization procedure is used much less 
frequently and protects the user from altering the operation 
mode accidentally. 

All the members of the Am8500 family arecontrolled and con¬ 
figured by software. The host CPU initializes the Am8500 
operating modes by writing to the internal mode/options 
registers. The internal mode registers are not directly ad¬ 
dressable by the CPU like the Control and some data regis¬ 
ters. Instead, a two cycle process is needed to write to them. 
First, the address of the mode/options register being 
modified is written to the Control register; next, the data is 
written to the mode/options register via the Control register. 
The Am8500 peripheral has an internal state machine to keep 
track of whether address or data is being written to the Con¬ 
trol register. Reading the value of the mode/options register 
is accomplished by first, writing an address to the Control 
register, and second, reading the mode/options data from the 
Control register. 

DESIGN REQUIREMENTS 

There are several problems associated with interfacing a 
general purpose peripheral device to a CPU. One major prob¬ 
lem involves the various control signals each chip uses. 
Unless the two families are designed to be pin for pin com¬ 
patible (e.g., the AMD/Intel 8086/8087/8089) there generally is 
going to be minor variations between them; the same prob¬ 
lem exists when interfacing the 8500 peripherals to the 
68000. Part of the pin incompatibility involves genuine signal 
differences while other pins only require name changes. 

The data pins (Dq-D/) on the 8500 parts are connected di¬ 
rectly to the lower 8 d^ta lines on the 68000 bus. The register 
select pins (Aq, Ai, A/B, D/C)* can be directly connected to Ai 
and A 2 of the 68000 address bus. The RD an d WR lines have to 
be generated from the 68000’s R/W and AS/UDS/LDS signals. 
The 8500 clock (PCLK) is generated by dividing down the 
68000 clock. 

'Note: The register select/control pins have different names on each 
of the 8500 peripherals. 
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The Interrupt Request line (I NT) can be wire-ORed together 
and connected to one of the IPL 0 -IPL 2 inputs on the 68000, 
giving all the peripherals a common interrupt priority level. 
An alternate method might be to give each of the peripherals 
a separate priority level (which would require priority en¬ 
coding). The interrupt acknowledge line must be generated 
from the CPU status lines (FC 0 -FC 2 ) by the PAL Whenever an 
interrupt acknowledge cycle is started, FC 0 -FC 2 equal all 
ones. The Interrupt daisy chain control pins (lEI and lEO on 
each 8500 device) are tied together in a standard priority 
daisy chain arrangement (see Figure 1). When implementing 
the daisy chain, arbitration delay down the chain must be ac¬ 
counted for in the PAL signal generation logic. The chip 
enable pins for each of the 8500 devices must come from the 
system memory mapping logic. The system designer must 
also provide an 8500 PAL enable line to select the PAL con¬ 
troller whenever any one of the 8500 devices has been 


selected. The DTACK signal back to the CPU will be 
generated by the PAL logic using an internally implemented 
state counter to generate the correct timing. The output is im¬ 
plemented as a simulated open collector output so th at other 
non-Am8500 peripherals in the system can use the DTACK 
line. 

Another problem with interfacing general purpose peripher¬ 
als to the68000 is timing. Most peripherals run at speeds con¬ 
siderably slower than the 8,10, 12, and 16MHz CPUs being 
produced today. This means using either a slower clock or 
dividing down the CPU clock. In the case of the 8500 family 
this generally means dividing the CPU clock in half and using 
a CPU operating at less than or equal to 12MHz. Aside from 
just speed problems, system integrators frequently have to 


HIGHEST 

PRIORITY 

PERIPHERAL 


LOWEST 

PRIORITY 

PERIPHERAL 



(FIRST) 


(MIDDLE) 


(MIDDLE) 


(LAST) 


“tsettle' 


INTACK 


\ 


/ 


^ _ /■ 


Figure 1 


Table 1. Interrupt Daisy Chain/Propagation Delay 


Chain Position (ns) 

Peripheral 

First 

Middle 

Last 

8536 CIO 

8038 FIO 

350 

350 


100 

100 

120 

8530 see 

250 

120 


Note: First position timing is INTACK to lEO. 

Middle position timing is lEI to lEO. 

Last position timing is lEI to data strobe set-up. 
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tackle subtle timing differences between signals or from 
devi sed sign al equivalents, e.g., deriving the Am8500 RD, WR, 
and DTACK from the 68000’s IDS and R/W; or guaranteeing 
data set-up and hold times. 

The 68000 has two ways of interfacing to peripherals such as 
the 8500 family. The first uses the special VPA (Valid Peripher¬ 
al Address) input pin on the 68000. The VPA pin can be acti¬ 
vated by the Am8500 device select logic at the start of a cycle 
to tell the 68000 that a peripheral is being accessed. This in¬ 
terface was designed to aliow the slow, synchronous bus 
6800 peripherals to talk to the 68000’s asynchronous bus un¬ 
til the new 68000 peripherals could be produced. Also, the 
VPA interface has a slow access rate (a minimum peripheral 
access time of over 1000ns not including recovery time) 
which would slow down the CPU considerably. And, since all 
the 68000 peripherals are being designed to use the asyn¬ 
chronous method, this interface will not be discussed. 

When writing data, the 68000 puts a ddress and data onto 
their respective buses and uses the DTACK line as a “got 
data suc cessfully ’’ handshake from the selected device. 
When the DTACK line is recognized, the 68000 removes ad¬ 
dress and data one CPU clock later. This method allows the 
user to take advantage of the asynchronous bus of the 68000. 
The ma jor difference between the 8500 family and the 68000 
DTACK timi ng is the way data is strobed in and out of the 8500 
ch ips. The 8500 devices sample the data on the falling edge 
of WR. The 68000 asserts an addr ess (when reading) onto the 
bus and then uses the DTACK signal from the selected 
peripheral (memory included) to indicate valid data and then 


samples on the next falling edge of the CPU clock. The other 
method of interfacing the Am85 00 fami ly to the 68000 uses 
the Data Transfer Acknowledge (DTACK) cycle. 

DESIGN APPROACH 

Twodifferent methods of interfacing 8500devices to the 68000 
bus will be presented. One method allows the user to obtain 
fast access to all the 8500 devices. However, some minimum 
software requirements are imposed. The other interface slows 
down the access rate by the CPU but guarantees all 8500 
minimum timing specifications and imposes no software 
overhead. 

There are several timing requirements imposed by the 8500 
family. The first involves read/write access to the parts. The 
8500(4MHz) peripherals have a read/write/interrupt acknowl¬ 
edge timing as shown in Figure 2. The minimum read/write 
access time is 400ns. This means the PAL interface must 
guarantee a valid access cycle of greaterthan 400ns (by forc¬ 
ing the 68000 to execute several wait states). 

The basic read or write cycle gen^ated by th e PAL interface 
looks like Figure 3. The 68000 R/W and LDS lines have been 
converted into 8500 RD and WR control signals and with a 
state ti ming generator, produce the 68000 data valid signal 
DTACK. While the 8500 peripherals latch the data internally 
on the falling edg e of W R, all 9500 (Intel-type) peripherals use 
the rising edge of WR to strobe in data. So, the timing used is 
designed to guarantee proper set-up and hold time for both 
Am8500 and Am9500 devices. 



READ 

CYCLE 


WRITE 

CYCLE 



INTERRUPT 

ACKNOWLEDGE 

CYCLE 


Figure 2. AmSSOO Interface Timing (4MHz) 
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The DTACK control logic is the only control line which 
employs any sort of special timing in both of the PAL inter¬ 
faces. In order to guarantee proper set-up and hold time for 
writ e opera tions to the 9500 parts, it was necessary to start 
the DTACK cycle in the middle of a PCLK cycle. Hence, it was 
necess ary to use the CPU clock to condition the assertion of 
DTACK. Using the Co(PCLK) and the C1-C3 inputs only, would 
have allowed a potential set-up time violation during a write 
operation under worst case conditions for an 8MHz 68000. 

The interrupt acknowledge cycle is very similar to the 
read/write cycle; only two differences exist. First, the inter¬ 
rupt acknowledge cycle involves only a read operation (see 


interrupt acknowledge timing in Figure 3). Secondly, the read 
cycle needs to be stretched out to allow time for the interrupt 
daisy chain to resolve priority. If a parallel priority resolution 
scheme is used, then only the priority decode time delay and 
peripheral response time is added on to the interrupt cycle. 
The interrupt time delay varies, based on the number of 8500 
devices in the daisy chain. The time delay is based on the 
8500’s position in the chain: first, somewhere in the middle, 
and the last device in the daisy chain (see Table 1). Both of the 
current PAL interfaces assume there are three 8500 peripher¬ 
als in the interrupt daisy chain. 


LDS C1 



Figure 3a 


READ/WRITE 

CYCLE 


-ARBITRATION DELAY* 



INTERRUPT 

ACKNOWLEDGE 

CYCLE 


‘Delay time assumes three Am8500 devices in the daisy chain. 
Note: ^ and WR may not be asserted LOW simultaneously. 

Figure 3b. PAL Generated Interface Signals 
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The PAL interfaces offered are designed to give the system 
designer maximum fiexibility in integrating Am8500 periph- 
erais with 68000 based systems. The first version is designed 
to aiiow maximum access to the 8500 devices (see Figure 4a). 
it does this by delegating the read/write recovery time into 
software. All 8500 peripherals have a minimum post access 
recovery time, i.e., they can’t be accessed for a minimum 
period of time after being read or written (see Table 2). Gener¬ 
ally, this restriction manifests itself only if the CPU has to 
make repeated accesses to the same peripheral part rapidly. 
While the instruction fetch time of the CPU allows for some 
recovery time, it doesn’t guarantee enough time (since the 
average recovery time is approximately fOOOns and a 68000 
instruction fetch requires a minimum of 500ns@8MHz). 
Hence, the first design requires the user to implement mini¬ 
mum software recovery time. 

The software recovery routines in this case generally take the 
form of executing 1-2 instructions (depending on execution 
and fetch time) in between accessing the same 8500 device. 
For most systems, these instruction executions can be used 
to process the data just received. Another method of insuring 
the minimum peripheral recovery time is to juggle the access¬ 
ing of the 8500 devices in the system so the recovery time re¬ 
quirement is not violated. 

The second design (see slow PALtiming in Figure 4b) relieves 
the user of all software considerations when using the 
Am8500 parts. The recovery time is built into the PAL design. 
This is done by delaying access on the read/write and then 
taking advantage of the 68000 next instruction fetch to 
guarantee that the minimum recovery time is given. Also, a 
minor change was require d in the in terrupt acknowledge tim¬ 
ing, i.e., stretching outjthe INTACK timing slightly to avoid a 
potential glitch on the RD line after an interrupt acknowledge 
cycle. 


The advantage of software-independent hardware is offset 
by longer read/write cycles to the peripherals, even for single 
accesses. Also, the user is denied access to another 8500 
peripheral until the minimum recovery time has been met for 
the previous one. However, having software-independent 
hardware is sometimes an important feature in a system; and 
slowing down the peripheral access rate slightly is a small 
price to pay for it. Note, the interrupt acknowledge cycles for 
both designs are virtually the same. This occurred because 
the normal interrupt processing by the 68000 guarantees that 
another access to the 8500 parts cannot occur in time to 
violate their access recovery times. Hence no software delay 
is needed for the fast access interface. 

The interrupt acknowledge delay (for the daisy chained prior¬ 
ity resolution scheme) in this example has been chosen by 
using an assumption of three 8500 peripherals in the chain. 
Larger or smaller numbers of parts in the daisy chain would 
increase or decrease this result with minor changes to the 
PAL logic equations. The design is flexible enough to support 
the addition of at least 3 more peripherals in the daisy chain. 

The PAL equations and logic diagram for both designs are 
given at the end of the article. The equations were derived 
directly from their respective timing diagrams (Figures 4a 
and 4b). Some obvious logic simplification was done on the 
initial equations to reduce the number of terms. The integra¬ 
tion of the Am8500 peripherals and the PAL timing generator 
are shown in a sample configuration in Figure 5. 

Finally, the design presented was optimized for an 8 MHz 
68000 system and 4MHz 8500 parts. The timing/state counter 
(C 0 -C 4 ) only counts as far as it is needed. Higher perform¬ 
ance CPUs, up to 12MHz, can be used with this interface, but 
6 MHz 8500 parts will have to be used. 


Table 2. Peripheral Access Recovery Time 


Peripheral 

(4MHz) 

Recovery Time 

8530 see 

8536 eiO 

8038 FIO 

Greater than 6 PeLK cycles -i- 200ns 
Greater than 3 PGLK cycles or 1000ns 

Greater than 1000ns 
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PAL16R4 
PAT050 

FAST AM8500 TO MOTOROLA 68000 PAL 
ADVANCED MICRO DEVICES 

CLK DCLK /CS /RESET /LDS RW FCO FCl FC2 GND 
/OE /RD /WR /C3 /C2 /Cl /CO /INTACK /DTACK VCC 


PAL DESIGN SPECIFICATION 
MARK YOUNG 1/21/83 


CO : = 

Cl : = 
+ 

C2 := 
+ 
+ 

C3 : = 
+ 
+ 

RD = 
+ 
+ 
+ 

WR = 


STATE MACHINE COUNTER CO - C3 
/CO 

CO*/C1*CS*LDS*/RESET 
/CO*C1*CS*LDS*/RESET 


C0*C1*/C2*CS*/RESET 

/C1*C2*CS*/RESET 

/C0*C1*C2*CS*/RESET 

C0*C1*C2*/C3*CS*/RESET 
/C1*/C2*C3*CS*/RESET 
/CO*C1*/C2*C3*CS*/RESET 

C1*/C2*/C3*RW*/INTACK*CS*/RESET 

/C1*C2*/C3*RW*/INTACK*CS*/RESET 

C0*C1*C2*/C3*INTACK*CS*/RESET 

RD*INTACK*CS*/RESET 

C1*/C2*/C3*/RW*CS*/INTACK*/RESET 

/C1*C2*/C3*/RW*CS*/INTACK*/RESET 


8500 CLK 


NORMAL READ 
NORMAL READ 
INTERRUPT ACKNOWLEDGE 
INTERRUPT ACKNOWLEDGE 

WRITE OPERATION 
WRITE OPERATION 


; DATA ACKNOWLEDGE 

IF (CS) DTACK = /DCLK*/C0*/C1*C2*/C3*/INTACK*/RESET 
+ DTACK*RD*/RESET 
+ DTACK*WR*/RESET 
+ /DCLK*C0*/C1*/C2*C3*INTACK*/RESET 


; INTERRUPT ACKNOWLEDGE 
INTACK = FC0*FC1*FC2*C1*/C3*LDS*/RESET 
+ C2*FC0*FC1*FC2*/RESET 
+ /C1*C3*FC0*FC1*FC2*/RESET 
+ /C0*C1*C3*FC0*FC1*FC2*/RESET 
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FUNCTION TABLE: 


NOTE: FOR THE SIMULATION, ALL THE SIGNALS USED ARE AT THE 

PIN LEVEL (I.E. WHAT THE CHIP SEES AND PUTS OUT). THE 
ONE EXCEPTION ARE THE CO - C3 PINS. THESE ARE DEFINED 
AT THE REGISTER OUTPUT LEVEL (NON-INVERTED) BECAUSE 
THEY WERE DIRECTLY DERIVED FROM THE TIMING DIAGRAMS 
AND THIS MAKES IT EASIER TO RELATE TO THE TIMING 
DIAGRAM. 


CLK DCLK /CS /RESET /LDS RW FCO FCl FC2 
/OE /RD /WR CO Cl C2 C3 /INTACK /DTACK 

/ 

R 

D E / 

CC/SL FFF / / / 

LLCEDRCCCO RWCCCC 
KKSTSW012E DR0123 


; RESET SEQUENCE 
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LLHHXXXXXL HHHLLLHZ 
CHLHLHHHHL HHLHLLLH 
LLLHLHHHHL HHLHLLLH 
CHLHLHHHHL HHHHLLLH 
LLLHLHHHHL HHHHLLLH 
CHLHLHHHHL HHLLHLLH 
LLLHLHHHHL HHLLHLLH 
CHLHLHHHHL HHHLHLLH 
LLLHLHHHHL HHHLHLLH 
CHLHLHHHHL HHLHHLLH 
LLLHLHHHHL HHLHHLLH 
CHLHLHHHHL LHHHHLLH 
LLLHLHHHHL LHHHHLLH 
CHLHLHHHHL LHLLLHLH 
LLLHLHHHHL LHLLLHLH 
CHLHLHHHHL LHHLLHLH 
LLLHLHHHHL LHHLLHLL 
CHLHLHHHHL LHLHLHLL 
LLLHLHHHHL LHLHLHLL 
CHLHLHHHHL HHHHLHHH 
LLHHHXXXXL HHHHLHHZ 
CHHHHXXXXL HHLLLLHZ 
LLHHHXXXXL HHLLLLHZ 


DESCRIPTION: 

THE FASTZTOM PAL PROVIDES INTERFACING BETWEEN THE SINGLE CHIP 8500 TO 
THE 68000. THE PAL USED IS A MEANS TO PROVIDE FOR THE FASTEST POSSIBLE 
INTERFACE. THE REQUIREMENTS FOR THIS MAXIMUM ACCESS UTILIZES IMPLE¬ 
MENTED SOFTWARE FOR REPEATED ACCESSES. THE USER, HENCE, IS ABLE TO GET 
MAXIMUM ACCESS WITH MINIMAL WAIT STATE INSERTION. THE INTERFACE 
PROVIDES TOTAL SIGNAL COMPATIBILITY. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT050 MARK YOUNG 1/21/83 

FAST AM8500 TO MOTOROLA 68000 PAL 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

Loooo nil 1011 nil nn nn nn nn nii * 

L0032 1011 1101 0101 1101 1110 1101 1111 1111 * 

L0064 1110 1111 0111 1111 1111 1111 1111 1110 * 

L0096 1110 nil 0111 1111 1111 1111 1110 1111 * 

L0128 1011 1110 0110 1101 1101 1110 1111 1111 * 

L0256 nil nil 1111 1111 1111 1111 1111 1111 * 

L0288 nil 1111 0111 1010 1111 0101 0111 0111 * 

L0320 nil 1111 0111 1111 1110 0111 0111 0111 * 

L0352 nil 1111 0111 1101 1111 0110 0111 0111 * 

L0384 nil 1111 0101 1110 1111 0110 0111 0111 * 

L0512 nil 1111 1101 1111 1111 1111 1111 1111 * 

L0768 nil 1011 0110 1001 1111 1111 1111 1111 * 

L0800 nil 1011 0101 1010 1111 1111 1111 1111 * 

L1024 1111 1011 0110 1110 1101 1111 1111 1111 * 

L1056 nil 1011 0111 1101 1110 1111 1111 1111 * 

L1088 nil 1011 0101 1110 1110 1111 1111 1111 * 

L1280 nil 1011 0110 1110 1110 1101 1111 1111 * 

L1312 nil 1011 0111 1101 1101 1110 1111 1111 * 

L1344 nil 1011 0101 1110 1101 1110 1111 1111 * 

L1536 nil 1111 1111 1111 1111 1111 1111 1111 * 

L1568 nil 1001 0111 1110 1001 1101 1111 1111 * 

L1600 1111 1001 0111 1101 1010 1101 1111 1111 * 

L1792 nil nil 1111 1111 1111 1111 1111 1111 * 

L1824 nil 1001 0111 1110 0101 1101 1111 1111 * 

L1856 nil 1001 0111 1101 0110 1101 1111 1111 * 

L1888 nil 1010 0110 1110 1110 1101 1111 1111 * 

L1920 nil 1010 0111 1111 1111 1111 1111 1110 * 

C58C0* 

VOOOl CnOXXXXXOOHHHHHLHZl * 

V0002 OOlOXXXXXOOHHHHHLHZl * 

V0003 ClllXXXXXOOHHHHHHHZl * 

V0004 OOllXXXXXOOHHHHHHHZl * 

V0005 ClllXXXXXOOHHHHHLHZl * 

V0006 OOllXXXXXOOHHHHHLHZl * 

V0007 ClllXXXXXOOHHHHHHHZl * 

V0008 OOllXXXXXOOHHHHHHHZl * 

V0009 ClllXXXXXOOHHHHHLHZl * 

VOOlO OOllXXXXXOOHHHHHLHZl * 

VOOll ClllXXXXXOOHHHHHHHZl * 

V0012 OOOIOOXXXOOHHHHHHHHI * 

V0013 CIOIOOXXXOOHHHHHLHHI * 

V0014 OOOIOOXXXOOHHHHHLHHI * 

V0015 CIOIOOXXXOOHLHHLHHHI * 

V0016 OOOIOOXXXOOHLHHLHHHI * 

V0017 CIOIOOXXXOOHLHHLLHHI * 

V0018 OOOIOOXXXOOHLHHLLHHI * 

V0019 CIOIOOXXXOOHLHLHHHHI * 

V0020 OOOIOOXXXOOHLHLHHHLI * 

V0021 CIOIOOXXXOOHLHLHLHLI * 


5-62 




V0022 OOOIOOXXXOOHLHLHLHLI * 
V0023 CIOIOIXXXOOHHHLLHHHI * 
V0024 OOllXXXXXOOHHHLLHHZl * 
V0025 ClllXXXXXOOHHHHHLHZl * 
V0026 OOllXXXXXOOHHHHHLHZl * 
V0027 ClllXXXXXOOHHHHHHHZl * 
V0028 OOllXXXXXOOHHHHHHHZl * 
V0029 ClllXXXXXOOHHHHHLHZl * 
V0030 OOllXXXXXOOHHHHHLHZl * 
V0031 ClOlOllllOOHHHHLHLHl * 
V0032 000101lllOOHHHHLHLHl * 
V0033 ClOlOllllOOHHHHLLLHl * 
V0034 000101lllOOHHHHLLLHl * 
V0035 ClOlOllllOOHHHLHHLHl * 
V0036 OOOlOllllOOHHHLHHLHl * 
V0037 ClOlOllllOOHHHLHLLHl * 
V0038 OOOlOllllOOHHHLHLLHl * 
V0039 ClOlOllllOOHHHLLHLHl * 
V0040 OOOlOllllOOHHHLLHLHl * 
V0041 ClOlOllllOOLHHLLLLHl * 
V0042 000101lllOOLHHLLLLHl * 
V0043 ClOlOllllOOLHLHHHLHl * 
V0044 000101lllOOLHLHHHLHl * 
V0045 ClOlOllllOOLHLHHLLHl * 
V0046 000101lllOOLHLHHLLLl * 
V0047 ClOlOllllOOLHLHLHLLl * 
V0048 000101lllOOLHLHLHLLl * 
V0049 ClOlOllllOOHHLHLLHHl * 
V0050 OOlllXXXXOOHHLHLLHZl * 
V0051 CllllXXXXOOHHHHHHHZl * 
V0052 OOlllXXXXOOHHHHHHHZl * 
7BCF 
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PAL16R4 

PAL DESIGN SPECIFICATION 

PAT051 

SLOW AM8500/9500 TO MOTOROLA 68000 PAL 
ADVANCED MICRO DEVICES 

MARK YOUNG 1/21/83 

CLK DCLK /CS /RESET /LDS RW ECO FCl FC2 GND 
/OE /RD /WR /C3 /C2 /Cl /CO /iNTACK /DTACK VCC 

9 

STATE MACHINE COUNTER CO - C3 


o 

o 

*11* - 

/CO 

; 8500 CLK 

Cl : = 

C0^VC1*/C2*LDS*CS’':7RESET 


+ 

/C0*C1-“7C2*LDS*CS^7RESET 


+ 

C0^7C1*C2^:-LDS*CS^7RESET 


+ 

/C0*C1*C2*C2*/C3^:-LDS^:-CS*/RESET 


II 

CM 

o 

C0^:-C1^7C2^^CS-:7RESET 


+ 

/C1*C2*CS*/RESET 


-1- 

/C0^:-Cl-“-C2*/C3*CS-“/RESET 


C3 := 

C0^^C1^^C2*/C3*CS*/RESET 


4* 

/C2*C3^^CS^7RESET 


-1- 

/C1*C2^:-C3-“-CS-:7RESET 


RD = 

C1*/C2*C3^^RW^^CS^7INTACK*/RESET ; 

NORMAL READ 

+ 

/C1’'^C2*C3«-RW^:-CS^7INTACK*/RESET ; 

NORMAL READ 

+ 

C0*C1^'-C2’'^/C3*INTACK-:7RESET ; 

INTERRUPT ACKNOWLEDGE 

+ 

/C1*/C2«-C3^^INTACK^7RESET ; 

INTERRUPT ACKNOWLEDGE 

+ 

/C0’''^C1^7C2^^C3^>‘INTACK*/RESET ; 

INTERRUPT ACKNOWLEDGE 

WR = 

C1^7C2*C3^7RW^:-CS-=^/INTACK*/RESET 

WRITE OPERATION 

-1- 

/C1*C2^:-C3^7RW*CS*/INTACK*/RESET ; 

WRITE OPERATION 


; DATA ACKNOWLEDGE 


IF (CS) DTACK = /DCLK*/C0^7C1*C2*C3*/INTACK*/DTACK*/RESET 


+ dtack*rd^7reset 

■f DTACK*WR-:7RESET 

+ /DCLK*C0^7C1’'^/C2*C3-»INTACK*/RESET 



; INTERRUPT ACKNOWLEDGE 


INTACK 

= FC0*FC1«-FC2^'C1*/C3*LDS*CS*/RESET 
C2*/C3*FC0^;-FC1*FC2*CS*/RESET 
+ /C2*C3*FC0^:-FCl*FC2^^CS-^/RESET 
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FUNCTION TABLE: 


NOTE: FOR THE SIMULATION, ALL THE SIGNALS USED ARE AT THE 

PIN LEVEL (I.E. WHAT THE CHIP SEES AND PUTS OUT). THE 
ONE EXCEPTION ARE THE CO - C3 PINS. THESE ARE DEFINED 
AT THE REGISTER OUTPUT LEVEL (NON-INVERTED) BECAUSE 
THEY WERE DIRECTLY DERIVED FROM THE TIMING DIAGRAMS 
AND THIS MAKES IT EASIER TO RELATE TO THE TIMING 
DIAGRAM. 


CLK DCLK /CS /RESET /LDS RW FCO FCl FC2 
/OE /RD /WR CO Cl C2 C3 /INTACK /DTACK 


/ 

/ I / 

R N D 

D E / T T 

CC/SL FFF/// AA 


LLCEDRCCCO RWCCCCCC 
KKSTSW012E DR0123KK 


;RESET SEQUENCE 

CHHLXXXXXL HHHLLLHZ 
LLHLXXXXXL HHHLLLHZ 
CHHHXXXXXL HHLLLLHZ 
LLHHXXXXXL HHLLLLHZ 
CHHHXXXXXL HHHLLLHZ 
LLHHXXXXXL HHHLLLHZ 

•WRITE OPERATION (RW=L) 

CHHHXXXXXL HHLLLLHZ 
LLHHXXXXXL HHLLLLHZ 
CHHHXXXXXL HHHLLLHZ 
LLHHXXXXXL HHHLLLHZ 
CHHHXXXXXL HHLLLLHZ 
LLLHLLXXXL HHLLLLHH 
CHLHLLXXXL HHHLLLHH 
LLLHLLXXXL HHHLLLHH 
CHLHLLXXXL HHLHLLHH 
LLLHLLXXXL HHLHLLHH 
CHLHLLXXXL HHHHLLHH 
LLLHLLXXXL HHHHLLHH 
CHLHLLXXXL HHLLHLHH 
LLLHLLXXXL HHLLHLHH 
CHLHLLXXXL HHHLHLHH 
LLLHLLXXXL HHHLHLHH 
CHLHLHXXXL HHLHHLHH 
LLLHLLXXXL HHLHHLHH 
CHLHLLXXXL HHHHHLHH 
LLLHLLXXXL HHHHHLHH 
CHLHLLXXXL HHLLLHHH 
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THE 

SLOWZTOM PAL 

IS A 

SELF-CONTAINED 

8500 

TO 

68000 

INTERFACE. 

THERE IS 

NO USER 

SOFTWARE 

REQUIRED FOR THIS INTERFACE, 

, BUT 

THERE IS 

A 

TRADE- 

-OFF 


OF SLOWER ACCESS 

TIME, 


AGAIN, 

, THE INTERFACE 

PROVIDES 

TOTAL SIGNAL 



COMPATIBILITY, 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT051 MARK YOUNG 1/21/83 

SLOW AM8500/9500 TO MOTOROLA 68000 PAL 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

Loooo nil 1011 nil nn nn nn nn nn * 

L0032 1001 1101 0101 1101 1110 1110 1111 1111 * 

L0064 1110 1111 0111 1111 1111 1111 1111 1110 * 

L0096 1110 nil 0111 1111 1111 nil iiio nn * 

L0128 1011 1110 0110 1101 1101 1110 1111 1111 * 

L0256 nil 1111 1111 1111 1111 1111 1111 1111 * 

L0288 nil 1011 0111 1010 nil 0101 0111 0111 * 

L0320 1111 1011 0111 1111 1110 0101 0111 0111 * 

L0352 nil 1011 0111 1111 1101 0110 0111 0111 * 

L0512 nil 1111 1101 1111 1111 1111 1111 1111 * 

L0768 nil 1011 0110 1001 1101 1111 1111 1111 * 

L0800 nil 1011 0101 1010 1101 1111 1111 1111 * 

L0832 nil 1011 0110 1001 1110 1111 1111 1111 * 

L0864 nil 1011 0101 1010 1110 1101 1111 1111 * 

L1024 nil 1011 0110 1110 1101 1111 1111 1111 * 

L1056 nil 1011 0111 1101 1110 1111 1111 1111 * 

L1088 1111 1011 0101 1110 1110 1101 1111 1111 * 

L1280 nil 1011 0110 1110 1110 1101 1111 1111 * 

L1312 nil 1011 0111 1111 1101 1110 1111 1111 * 

L1344 nil 1011 0111 1101 1110 1110 1111 1111 * 

L1536 nil 1111 1111 1111 1111 1111 1111 1111 * 

L1568 nil 1001 0111 1110 1001 1110 1111 1111 » 

L1600 nil 1001 0111 1101 1010 1110 1111 1111 * 

L1792 nil 1111 1111 1111 1111 1111 1111 1111 * 

L1824 nil 1001 0111 1110 0101 1110 1111 1111 * 

L1856 nil 1001 0111 1101 0110 1110 1111 1111 * 

L1888 nil 1110 0110 1110 1110 1101 1111 1111 * 

L1920 nil 1110 0111 1101 1101 1110 1111 1111 * 

L1952 nil 1110 0101 1110 1101 1110 1111 1111 * 

C5D43* 

VOOOl CnOXXXXXOOHHHHHLHZl * 

V0002 OOlOXXXXXOOHHHHHLHZl * 

V0003 ClllXXXXXOOHHHHHHHZl * 

V0004 OOllXXXXXOOHHHHHHHZl * 

V0005 ClllXXXXXOOHHHHHLHZl * 

V0006 OOllXXXXXOOHHHHHLHZl * 

V0007 ClllXXXXXOOHHHHHHHZl * 

V0008 OOllXXXXXOOHHHHHHHZl * 

V0009 ClllXXXXXOOHHHHHLHZl * 

VOOlO OOllXXXXXOOHHHHHLHZl * 

VOOll ClllXXXXXOOHHHHHHHZl * 

V0012 OOOIOOXXXOOHHHHHHHHI * 

V0013 CIOIOOXXXOOHHHHHLHHI * 

V0014 OOOIOOXXXOOHHHHHLHHI * 

V0015 CIOIOOXXXOOHHHHLHHHI * 

V0016 OOOIOOXXXOOHHHHLHHHI * 

V0017 CIOIOOXXXOOHHHHLLHHI * 

V0018 OOOIOOXXXOOHHHHLLHHI * 

V0019 CIOIOOXXXOOHHHLHHHHI * 
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V0020 OOOIOOXXXOOHHHLHHHHI * 
V0021 CIOIOOXXXOOHHHLHLHHI * 
V0022 OOOIOOXXXOOHHHLHLHHI * 
V0023 CIOIOIXXXOOHHHLLHHHI * 
V0024 OOOIOOXXXOOHHHLLHHHI * 
V0025 CIOIOOXXXOOHHHLLLHHI * 
V0026 OOOIOOXXXOOHHHLLLHHI * 
V0027 CIOIOOXXXOOHHLHHHHHI * 
V0028 OOOIOOXXXOOHHLHHHHHI * 
V0029 CIOIOOXXXOOHHLHHLHHI * 
V0030 OOOIOOXXXOOHHLHHLHHI * 
V0031 CIOIOOXXXOOHLLHLHHHI * 
V0032 OOOIOOXXXOOHLLHLHHHI * 
V0033 CIOIOOXXXOOHLLHLLHHI * 
V0034 OOOIOOXXXOOHLLHLLHHI * 
V0035 CIOIOOXXXOOHLLLHHHHI * 
V0036 OOOIOOXXXOOHLLLHHHLI * 
V0037 CIOIOOXXXOOHLLLHLHLI * 
V0038 OOOIOOXXXOOHLLLHLHLI * 
V0039 CIOIOOXXXOOHHLLLHHHI * 
V0040 OOOIOOXXXOOHHLLLHHHI * 
V0041 ClllllXXXOOHHHHHLHZl * 
V0042 OOllXXXXXOOHHHHHLHZl * 
V0043 ClllXXXXXOOHHHHHHHZl * 
V0044 OOllXXXXXOOHHHHHHHZl * 
V0045 ClllXXXXXOOHHHHHLHZl * 
V0046 OOllXXXXXOOHHHHHLHZl * 
V0047 ClOlOllllOOHHHHLHLHl * 
V0048 000101lllOOHHHHLHLHl * 
V0049 ClOlOllllOOHHHHLLLHl * 
V0050 000101lllOOHHHHLLLHl * 
V0051 ClOlOllllOOHHHLHHLHl * 
V0052 000101lllOOHHHLHHLHl * 
V0053 ClOlOllllOOHHHLHLLHl * 
V0054 000101lllOOHHHLHLLHl * 
V0055 ClOlOllllOOHHHLLHLHl * 
V0056 000101lllOOHHHLLHLHl * 
V0057 ClOlOllllOOLHHLLLLHl * 
V0058 000101lllOOLHHLLLLHl * 
V0059 ClOlOllllOOLHLHHHLHl * 
V0060 OOOlOllllOOLHLHHHLHl * 
V0061 ClOlOllllOOLHLHHLLHl * 
V0062 000101lllOOLHLHHLLLl * 
V0063 ClOlOllllOOLHLHLHLLl * 
V0064 000101lllOOLHLHLHLLl * 
V0065 ClOlOllllOOHHLHLLLHl * 
V0066 OOlllXXXXOOHHLHLLHZl * 
V0067 ClllXXXXXOOHHHHHHHZl * 
V0068 OOllXXXXXOOHHHHHHHZl * 
F7FD 
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The Berkeley-1 Plus— 
A High Performance 
CPU Utilizing PALs 

by Jeff Kitson and Kevin Ow-Wing ''san 
Advanced Micro Devices ^_ I 


INTRODUCTION 

This paper illustrates the design of a high performance 16-bit 
CPU, called the Berkeley-1 Plus, utilizing PALs. It is intended 
to show where PALs fit into an overall system design, what 
kind of complex functions PALs can implement, and how a 
designer can realize the full advantages of PALs. To oversim¬ 
plify, PALs fit everywhere in a design. Of the 56 chips used in 
this design, 34 are PALs. In the data path, they are used for 
data steering and data manipulation. Using PALs for data 
steering functions simplified the implementation of a mul¬ 
tiple bus architecture. The data manipulation functions in¬ 
clude a 16-bit arithmetic barrel shifter, constant generation 
logic and sign extension logic. PALs are also used exten¬ 
sively to optimize the control path. For example, control func¬ 
tions include instruction predecoding, double pipelining 
control, microprogram branch control, register file control 
and special instruction control. 

THE BERKELEY-1 PLUS 

The Berkeley-1 Plus was originally conceived of at the Univer¬ 
sity of California, Berkeley as a design project for computer 
architecture students. The Berkeley-1 Plus is essentially a 
PDP-11 16-bit general purpose computer with a streamlined 
instruction set. The Berkeley-1 Plus was chosen as a test 
vehicle for PAL system design for three reasons. First, the 
authors had already designed the computer (in the class at 
Berkeley) using a limited parts list consisting mainly of fixed- 
function TTLSSI/MSI devices. This provided a benchmark for 
the new design. Second, the original computer design by the 
authors was done separately and the new design was a joint 
effort. This proved to be a true test of the flexibility of PALs 
because of the effect of one designer’s changes on the other. 
Finally, the architecture was not conceived with any par¬ 
ticular device limitations in mind. This allowed the authors to 
optimize the PALs to implement the architecture, instead of 
optimizing the PALs to fit a constrained architecture limited 
by available devices. 

ARCHITECTURE 

The architecture of the Berkeley-1 Plus, like any other 
computer, is defined by the instruction set and the func¬ 
tional blocks required to implement the instruction set. The 
Berkeley-1 Plus architecture is organized as a two address, 
register based processor to implement its simple, yet power¬ 
ful instruction set. The processor interfaces to a 16-bit ad¬ 
dress bus and a 16-bit data bus. This allows the processor to 
address up to 64K of memory and to operate on 16-bit data 
and instruction words. Instruction words are orthogonal in 
nature allowing selection of the instruction opcode to be in¬ 
dependent of the selection of both operand addressing 


modes (for instructions with operands). The instruction set 
and addressing modes are shown in Appendix A. To imple¬ 
ment the instruction set, the architecture is defined to con¬ 
tain an arithmetic and logic unit (ALU), an eight location 
register file (RF), a 16-bit program counter (PC), a 16-bit in¬ 
struction register (IR), and a 4-bit processor status word 
(PSW). In addition, the processor also supports interrupts 
and illegal instruction traps. 


INSTRUCTION SET 

Berkeley-1 instructions have a general format that divides the 
instruction word into a separate 4-bit instruction opcode field 
(OPCODE), 6-bit source operand field (SOURCEOP) and 6-bit 
destination operand field (DESTOP). The general format is as 
follows; 


OPCODE SOURCEOP DESTOP 

15 12 11 65 0 



The OPCODE field encodes which of the sixteen instructions 
is to be executed. This is true for all Berkeley-1 instructions, 
even those that do not follow the general format. The 
SOURCEOP field encodes which of the seven addressing 
modes is to be used to find the source operand. The DESTOP 
field is the same as the SOURCEOP field except that it also 
defines where the resit of an instruction is placed. For ex¬ 
ample, if the instruction is an addition, the SOURCEOP is 
register 1 and the DESTOP is register 2, the values inside of 
registers 1 and 2 would be added together and placed in reg¬ 
ister 2. 

The instructions adhering to the general format include move 
(MOV), addition (ADD), subtraction (SUB), compare (CMP), 
logical and (AND), logical or (OR), exclusive-or (XOR), shift 
level (SHL), shift right (SHR), load multiple registers with 
memory (LDM), and store multiple registers to memory (STM). 
The unconditional jump (JMP) and unconditional jump to 
subroutine (CALL) instructions have the same general format 
except the SOURCEOP field is unused because the jump 
address is derived from the DESTOP field only. The uncondi¬ 
tional return from subroutine (RET) and interrupt enable/dis¬ 
able (INTENB) instructions differ from the general format 
because they do not need any operands. The only instruction 
which differs from the general format significantly is the con¬ 
ditional branch (CBR) instruction. 
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The format of the CBR instruction is as foiiows: 

OPCODE BRCOND BROFFSET 

15 12 11 8 7 0 

I II II I 

The 4-bit BRCOND field is used to select which of sixteen 
branch conditions are to be tested. The branch conditions 
are derived from the PSW. The BROFFSET field is an 8-bit 
signed offset that is added to the program counter, when the 
tested condition is true, to provide a new address. This allows 
position independent code, but limits the range of the CBR in¬ 
struction to -I- 127 or -128 locations relative to the program 
counter. 

Each instruction is defined in more detail in Appendix A. 

ADDRESSING MODES 

As previously mentioned there are seven different address¬ 
ing modes that can be used to address operands. These 
addressing modes are: short immediate, register, register 
indirect, register indexed, absolute, stack pointer auto-incre¬ 
ment, and stack pointer auto-decrement. The short immedi¬ 
ate addressing mode is selected when the uppermost bit of 
the operand field (SOURCEOP or DESTOP) is zero, leaving 
the lower five bits of the field as the operand. The format for 
short immediate is as follows: 


SOURCEOP VALUE DESTOP VALUE 

5 4 0 5 4 0 



To encode the addressing modes that specify registers into 
the SOURCEOP and DESTOP fields, these two fields are 
each further divided into two smaller 3-bit fields as follows: 

SOURCEMODE SOURCEREG DESTMODE DESTREG 
5 32 05 32 0 



The SOURCEMODE and DESTMODE fields encode the ad¬ 
dressing mode and the SOURCEREG and DESTREG fields 
select one of the eight registers. These modes are: register, 
register indirect, and register indexed. The remaining ad¬ 
dressing modes, absolute, stack pointer auto-increment, and 
stack pointer auto-decrement, that do not use registers are 
selected by the register field when the mode field is equal to 
seven. Seven was chosen because the stack pointer is 
register seven in the register file. The format for these modes 
is shown below: 

SOURCEMODE SOURCEREG DESTMODE DESTREG 
5 32 05 32 0 

I' ' -11 II’ ' ’ll I 

The addressing modes are shown in more detail in Appendix A. 

IMPLEMENTATION 

The implementation of the Berkeley-1 is obviously controlled 
by the architecture, but the architecture definition does not 


control the method of implementation. For example, the 
16-bit arithmetic operations specified in the instruction set 
could be done serially four bits at a time in four repeatable 
cycles. This could result in a minimum parts count, but also 
in a very slow ALU. Conversely, an instruction can be exe¬ 
cuted at the same time as the next instruction is being de¬ 
coded and the next one after that is being fetched. This 
results in a very fast machine, but parts count and the com¬ 
plexity of doing many things in parallel can be costly. The 
objective of this implementation of the Berkeley-1 Plus was 
to build a very high performance CPU that could fit on a single 
board with a very fast synchronous memory. This required a 
minimum parts count while implementing a complex ma¬ 
chine operating in parallel. Thus PALs were brought to the 
rescue. Their ability to implement complex, custom func¬ 
tions at high speeds made them the ideal choice. 

A block diagram of the CPU appears in Figure 1. It is charac¬ 
terized by multiple buses and functional blocks that have 
multiple input sources and multiple output destinations. The 
multiple buses and multiple input/output functional blocks 
facilitate parallel operation. The five major buses are the 
memory data bus (DBUS), the memory address bus (ABUS), 
the source operand bus (RBUS), the destination operand bus 
(SBUS), and the result bus (YBUS). The DBUS and ABUS are 
used for interface to the external world and the RBUS, SBUS 
and YBUS are used for internal CPU operations. The ten func¬ 
tional blocks are the ALU and register file, PC, IR, memory 
data register 1 (MDR-i), memory data register 2 (MDR 2 ), 
memory address register (MAR), barrel shifter, value register, 
RBUS control and SBUS control. The only other major func¬ 
tional block is the control sequencer. 

The control sequencer block diagram appears in Figure 2. 
The control sequencer consists of two instruction mapping 
PROMs, a horizontal pipelined microprogram memory and a 
PAL conditional microbranch controller. 

Significant performance enhancement resulted from the 
parallel, double-pipelined design implementation. For ex¬ 
ample, in a single cycle the Berkeley-1 can perform a barrel 
shift of up to 16 places while decoding the next instruction, 
incrementing the PC, fetching the next instruction plus one, 
and testing for interrupts and traps. All of this takes place in a 
worst case cycle time of 131 ns. Effectively, due to all of these 
operations happening at the same time instructions are per¬ 
formed in a single cycle (short immediate and register mode 
only). This results in the Berkeley-1 Plus performing approx¬ 
imately 7.5 million instructions per second (7.5 MIPs). The 
timing and critical path analysis appears in Appendix B. 

The actual design was divided up by the authors so that one 
was responsible for the data path and the other was respon¬ 
sible for the control path. The CPU portion shown in Figure 1 
was designed by Jeff and the control sequencer of Figure 2 
was designed by Kevin. This resulted in a more or less clean 
interface for interaction between the designers. Every time 
an optimization was contemplated in the CPU, an analysis 
had to take place to see if the control sequencer could sup¬ 
port it or if the change was worth changing the sequencer, 
too. Likewise, every time the control sequencer needed to be 
changed the effects on the CPU had to be analyzed. With 
PALs, most of these changes were easily implemented by 
reprogramming a device by one designer or the other. For ex¬ 
ample, the original designs were not double-pipelined, but 
Jeff made changes in the data path and Kevin changed the 
control path to support it. Thus most of the design effort was 
in deciding the method of an optimized implementation (and 
working relationship) because of the flexibility of PALs to im¬ 
plement a design change easily. 
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MEMORY DATA BUS(OBUS) 



Figure 1. CPU Block Diagram 
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A simplified state diagram of the Berkeley-1 Plus appears in 
Figure 3. The state diagram should allow the reader to easily 
understand the complexity of a double-pipelined CPU and to 
get a feel for how this implementation of the Berkeley-1 Plus 
actually performs instructions. 

The various functional blocks are described in detail in the 
following sections. A logic diagram and PAL DESIGN 
SPECIFICATION for each PAL used in this design appear in 
Appendix C. 


ALU AND REGISTER FILE 

The logic diagram of the ALU and register file is shown in 
Figure 4. It is implemented with four 4-bit slice Am29203 
bipolar microprocessors and one Am2902A high speed look¬ 
ahead carry generator. A block diagram of the Am29203 ap¬ 
pears in Figure 5. The Am29203s were chosen because their 
internal three bus architecture, two-port register file, ALU, 
ease of control from microcode, and high speed fit ideally 
into the design. 

The three internal buses of the Am29203 interface directly to 
the three internal buses of the system (see Figure 1) via I/O 
pins on the device. The A port of the A m292 03’s register file is 
gated onto the RBUS by the signal OEA, the B port of the 
register file is gated onto the SBU S byO EB, and the ALU out¬ 
put is gated onto the YBUS by OEY. Each of the control 
signals comes directly from microcode. 

The two-port register file of the Am29203 allows reading both 
source and destination operands from the register file and 
writing an operation result into the destination in a single 
cycle. This capability is a necessity for performing the execu¬ 
tion cycle of an instruction in a single CPU cycle. The source 
and destination registers are addressed on the A and B ad¬ 
dress inputs by the value register (explained later). Writing an 
operation result to th e destina tion register is controlled by 
the microcode signal WR REG. 

The ALU in the Am29203 is controlled directly fro m micro- 
code on the instruction inputs (INST(8:0)) and by the INSTEN 
input. The ALU performs all arithmetic and logical operations 
specified in the Berkeley-1 Plus architecture except the 
single state barrel shift. The single state barrel shift is per¬ 
formed in PALs (explained later). In addition, the Am29203 
has capabilities such as BCD arithmetic, multiply and divide 
not specified by the Berkeley-1, but which could be added to 
the system by simply rewriting some of the microcode. 


BARREL SHIFTER 

The barrel shifter is an excellent example of the trade-off be¬ 
tween minimal implementation and performance. One easy 
implementation istousethesinglebit shifter already present 
Inside the Am29203. Unfortunately, a shift of fifteen bits 
would take fifteen CPU cycles. This is an acceptable level of 
performance only In machines that require a minimum 
amount of shift capability. Another alternative is to imple¬ 
ment a barrel shifter which can perform a shift of any arbi¬ 
trary number of bits in a single cycle. This alternative, 
although high in performance, can be complex to implement. 
An MSI solution would require the use of sixteen Am25S10 
shifters. Another question is where to put the shifter; follow¬ 
ing the ALU or in parallel with the ALU. If the barrel shifter is 
implemented following the ALU, every operation must pass 


through the ALU and the shifter resulting in a long delay. This 
is clearly unacceptable in a system where speed is the criti¬ 
cal factor. In parallel, the delay is small but extra hardware is 
necessary to calculate the zero condition code which can no 
longer be calculated in the ALU. This is not a trivial task 
because condition codes must be calculated in parallel with 
the shift to maintain speed and therefore it is conditional 
which data bits affect the condition codes! (In MSI, this 
would require an additional barrel shifter for zero calculation.) 
In addition, hardware (two Am25LS244s) is required to gate 
the proper source, ALU or barrel shifter, onto the YBUS. 

The Berkeley-1 uses eight AmPAL16H8As to implement the 
barrel shifter in parallel with the ALU for the highest perform¬ 
ance while maintaining a reasonable parts count. In addition, 
the barrel shifter PALs perform condition code calculation on 
the data and can be gated onto the YBUS. The barrel shifter is 
shown in Figure 6. The implementation is in two levels; the 
first is the nibble shifter and the second is the bit shifter. The 
nibble shifter performs a shift of 0,4,8, or 12 bits based on the 
upper two bits of the four-bit shift distance (RBUS(3:2)). The 
nibble shifter also performs the zero condition code calcula¬ 
tion based upon all four shift distance bits (RBUS(3:0)), the 
data (SBUS(15 :0)), a nd the microcode control inputs INST(O) 
and SHIFTER/ALU. The second level is the bit shifter which 
performs a right or left bit shift of 0,1,2, or 3 places controlled 
by the lower two bits o f the shift distance (RBUS(1:0)) and t he 
microcode input SHR/SHL. In addition, the SHIFTER/ALU in¬ 
put controls the gating of the bit shifter onto the YBUS. 


INSTRUCTION REGISTER 

The instruction register (IR) is a good example of how PALs 
can be used to optimize a common function. An instruction 
register is generally used to receive instructions off of the 
data bus during memory fetch operations. The instruction is 
then decoded by the control sequencer and the instruction is 
executed. Any data in the instruction word, such as an im¬ 
mediate value or branch address, is operated on during the 
execution cycle. The Berkeley-1 instruction register performs 
the same function as well but in a special manner. Instruction 
information used during the decoding cycle is separated 
from information used during execution cycle. This allows 
the IR to predecode instructions on-the-fly from sixteen bits 
down to ten bits as they are received off of the data bus 
without losing data in the instruction word. The result is a 
significant increase in control sequencer speed. 

The instruction register can be seen in Figure 7. The IR is im¬ 
plemented with two AmPAL16R8As and one Am29825 8-bit 
register. The microcode input CEIR when low enables instruc¬ 
tions to be clocked into the IR. The full instruction register is 
22 bits wide. This includes the 10-bit field (MAP ADR(9:0)) of 
predecoded instruction information and a 12-bit field 
(IR(11:0)) of data information. 

Predecoding of the instruction from sixteen bits down to ten 
is accomplished by encoding the SOURCEOP and DESTOP 
fields down from six bits each to three bits each. 

MAP ADR(9:0) 


OPCODE SOURCEOP DESTOP 
9 6 5 3 2 0 
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Figure 3a. Berkeley-1 Plus Simplified State Diagram 
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Figure 3b. Berkeley-1 Plus Simplified State Diagram 
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Figure 4. 



and Logic Unit 


03862A-136 














































































Notes: 1 
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. DAo _3 is input only on Am2903, but is I/O port on Am29203. 

I. On Am2903, zero logic is connec ted to Y, after the OEy buffer. _ 

I. On Am2903, lEN controls WRITE. On Am29203 WRITE is not affected by lEN. 


Figure 5. Block Diagram 
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Figure 6. 16-Bit 
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Shifter 
















Figure 7. Instruction Register, Decrement Register and Value Register 
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MAP ADRq 











































Each three-bit field contains a value for one of the seven ad¬ 
dressing modes or a value stating an illegal mode \was 
chosen. 


MODE 

VALUE 

Absolute 

000 

SP Auto-increment 

001 

SP Auto-decrement 

010 

Short Immediate 

oil 

Register 

100 

Register Indirect 

101 

Register Indexed 

110 

Illegal 

111 


The MAP ADR(9:0) outputs are sent directly to the address in¬ 
puts of the 1K mapping PROMs in the control sequencer. 

The data field (IR(11:0)) is simply the lower twelve bits of the 
instruction word (i.e., everything but the opcode). IR(11:0)are 
sent directly to the value register. Notice that all 22 bits of the 
IR are always on and no three-state control is necessary. 

VALUE REGISTER AND DECREMENT REGISTER 

The value register is used to contain the instruction informa¬ 
tion, such as a conditional branch address, immediate data 
values, and/or register file addresses, necessary for the ex¬ 
ecution cycle. The value register is required to support the 
double-pipelined architecture implemented. For example, 
during a typical double-pipelined cycle where instruction n is 
being fetched from memory and instruction n -1 is in the IR 
and being decoded, instruction n - 2 is being executed. With¬ 
out the value register the information necessary to execute 
instruction n - 2 would be lost. This register is the prinicipal 
additional hardware required to implement double-pipelin¬ 
ing. The value register, along with the decrement register, 
also controls all of the addressing required for the register 
file. 

The value register is implemented using three identically pro¬ 
grammed AmPAL16R6As and the decrement register is im¬ 
plemented using a single AmP AL16R 4A. Both can be seen in 
Figure 7. The microcode input CEVR when low enables data 
to be clocked into the value register. The value register pro¬ 
vides data information on the VR(11 ;0) outputs, the A address 
for the register file on the A ADR(2:0) outputs, and the B ad¬ 
dress on the B ADR(2:0) outputs. VR(11:0) is simply IR(11:0) 
delayed by one clock cycle. 

Register A and B address selection is controlled by the RFAR 
SEL(3;0) inputs from microcode. The address selection com¬ 
binations on the A address include the SOURCEREG(2:0) 
field (obtained from the IR or VR) and a HOLD mode. The ad¬ 
dress selection combinations on the B address include the 
DESTREG(2:0) field, SOURCEREG{2:0) field, decrement 
register, and a HOLD mode. Address selection is obtained 
from the IR on instructions that are to be executed in the 
following cycle and from the VR on instructions where mul¬ 
tiple operand fetch and instruction execute cycles are 
necessary. The decrement register is used as an address 
source for the special LDM and STM instructions (see Appen¬ 
dix A) which require the loading and storing of multiple 
registers in sequence. 

The decrement register is loaded with the address of the first 
register to be operated on and simply provides sequential ad¬ 
dresses of the next registers to be operated on. The decre¬ 
ment register is loaded from the RBUS(2:0) when the register 
is selected via an immediate or register addressing mode or 
from the DBUS(2:0) when a memory addressing mode is se¬ 
lected. Loading and decrementing are controlled by the 
microcode inputs DR SEL(1:0). Additionally, the decrement 


regi ster is ga ted onto the RBUS(2:0) when the microcode in¬ 
put OERBUS is low to provide the lower three bits so that they 
can be added as an offset to the memory address where data 
is to be stored or loaded. 


RBUS CONTROL PALs 

The RBUS control PAL logic consists of two AmPAL16H8As 
and is shown in Figure 8. Their primary function is to perform 
sign extension for short immediate source operands and to 
put constant values onto the RBUS. SOURCEOP(4) selects 
the sign of the short immediate operand. The function is con¬ 
trolled by the microcode signal RBUS SEL. Additionally, they 
are used to gate zeroes onto the upper thirteen bits of the 
RBUS when the decrement register is on t he lower three bits. 
This is controlled by the microcode signal OERBUS(15:3). The 
signal OERBUS(2:0) gates the lower three bits of the PALs 
onto the RBUS during all other functions. 

CBR AND SBUS CONTROL PALs 

The CBR and SBUS control PAL logic is also shown in Figures. 
The primary function of these PALs is to perform all control 
necessary for execution of the conditional branch instruc¬ 
tion (CBR), sign extension for short immediate destination 
operands (allowed for compare instruction (CMP) only), and 
constant generation. The CBR control logic is implemented 
in one AmPAL16R6A. The CBR logic derives a CBR flag de¬ 
pendent upon the true version of all eight branch conditions 
and which test is being selected. The branch conditions are 
generated from the four condition codes: zero (Z), minus (N), 
overflow (V), and carry (C). The condition being tested is 
selected by VR(10:8).TheZand N condition codes are loaded 
in the CBR PAL by the LOADZN microcode signal and the C 
and V condition codes are loaded by the LOADCV signal. The 
CBR flag is sent directly to the SBUS control PALs. 

The SBUS control PALs are implemented using two 
AmPAL16H8As. The function performed by these PALs is 
controlled by microcode inputs SBUS SEL(1:0) a nd gating of 
data onto the SBUS is controlled by the OESBUS input. When 
a CBR instruction is selected, a sign extended branch offset 
relative to the PC is derived from VR(9:0) and gated onto the 
SBUS dependent upon the CBR flag and the true/false test 
polarity select (VR(11)). When high, the test polarity select in¬ 
itiates a branch when the CBR flag is also high (true), and 
when low it initiates a branch when the CBR flag is also low 
(false). Should the branch condition not be met the value -1 
is added to the PC preventing a branch. 

PROGRAM COUNTER 

The program counter is an excellent example of how PALs 
are used in this design to implement data steering. The PC is 
shown in Figure 9. It is implemented using four identically 
programmed AmPAL16R4As and one AmPAL16H8A. The PC 
is basically implemented as an incrementing register that 
can be parallel loaded from the YBUS. The inherent problem 
with the PC is that it must source both the ABUS for memory 
fetch operations and the RBUS for relative branch calcula¬ 
tions. Unfortunately, a typical MSI device cannot drive two 
separate buses because they are not designed with multiple 
three-state outputs. This can lead to the need to add separate 
three-state controls for each bus (four AM25LS244s) and un¬ 
necessary added delay in the memory path. The PC PALs are 
designed to provide multiple outputs thus saving ICs and 
delay time in the critical memory path. 
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Figure 8. RBUS, SBUS and CBR Control PALs and Memory Address Buffers 
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Figure 9. Program Counter 













Microcode inputs PC S EL(1:0) s eiect the fun ction to be per¬ 
formed by the PC. The OEPCR and OEPCA inputs control 
whether the PC is to drive the RBUS or the ABUS, respec- 
tiveiy. The PC CARRY iN signai is used to force incremention 
of the PC. Additionaily, the PC internaiiy generates the vector 
addresses necessary for initiaiization, iiiegai instruction 
traps and interrupts. 

MEMORY ADDRESS REGISTER 

Thememoryaddressregister(MAR) is primarily used for fetch¬ 
ing of memory source and destination operands, and stor¬ 
ing operation resuits in the memory destination. The MAR 
is impiemented with four AmPAL16R4As and is shown in 
Figure 10. Memory address register functions are controiled 
by the MAR SEL(1:0) inputs . The MA R is gated onto the ABUS 
when the microcode input OEMAR is iow. Note that the MAR 
aiso has the capabiiity to decrement, which is necessary to 
support the speciai LDM and STM instructions. 

MEMORY DATA REGISTER 1 

Memory data register 1 (MDRi) is another excelient example 
of PALs facilitating data steering functions in the Berkeley-1. 
MDR^ is used for I/O operations between the CPU and 
memory requiring multiple input and output paths. It is im¬ 
plemented with four AmPAL16R4As and can also be seen in 
Figure 10. MDR^ is load ed from t he DBUS when the LOAD 
SEL input is high and the CE MDR^ input is low (ena bled), and 
is loaded from the YBUS when LOAD SEL is low and CE MDR^ 
is enabled. Additionally, MDR^ is gated onto the RBUS by 
OE MDRi R and onto the DBUS by OE MDRi D. 

MEMORY DATA REGISTER 2 

Memory data register 2 (MDR 2 ) provides an additional data 
path from memory into the CPU. It is implemented wth t wo 
Am298 23 high speed 8-bit registers. It is lo aded by t he CE 
MDR 2 input and gated onto the SBUS by the OE MDR 2 input. 
MDR 2 is primarily used to fetch memory destination 
operands. 

THE CONTROL SEQUENCER 

The control of the CPU is performed by an exceptionally fast 
(105ns worst case cycle time), pipelined, microprogrammed 
sequencer that is comprised of only 17 chips. The operation 
of the sequencer is very straightforward. After initialization 
(PC—0), the first instruction is fetched. The instruction is 
decoded and the microprogram branches to a specific se¬ 
quence of states to fetch the operands or begin execution (for 
instructions that don’t require operands). The starting 
microprogram PROM address of this sequence of states is 
given by the Instruction Mapping PROMs. The pipeline 
register is then successively loaded with the microinstruc¬ 
tion corresponding to each state in the sequence and the 
instruction is “executed.” When the execution of the current 
instruction is complete, the next instruction is fetched (if not 
already done during the execution of the previous instruc¬ 
tion), decoded, and executed. This cycle repeats for every 
instruction. 

The sequencer and its operation will now be separated into 
three sections and examined in greater detail. 

INSTRUCTION DECODE 

The Instruction Register (IR) is composed of three chips; two 
AmPAL16R8As and one Am29825. The PALs are used to 
decode the source and destination addressing modes of the 
instruction prior to actually being loaded into the IR. The 
main advantages of this “predecode” are: 


1) the number of address bits needed for the Instruction Map¬ 
ping PROMs is reduced, thus reducing PROM space 
required. 

2) sequencer cycle time is improved. 

The 6-bit source and destination fields are both reduced to 
3-bit fields, which is all that is necessary since there are only 
seven different addressing modes. These two 3-bit fields, 
along with the four opcode bits, form the 10-bit address to the 
Instruction Mapping PROMs, IMAP^ and IMAP 2 . Both IMAP^ 
and IMAP 2 use these ten bits to determine the microprogram 
PROM address needed to begin operand fetches and instruc¬ 
tion executions. IMAP 1 is used to generate the initial 
microprogram PROM addresses for all operand fetches and 
for the execution of instructions that don’t require operands 
(e.g., CALL). IMAP 2 generatesthe initial microprogram PROM 
addresses for the execution of instructions that require 
operand fetches. Addresses generated by IMAP 2 are loaded 
into an Am29825, which is an 8-bit register with a clock 
enable and three-statable outputs. This step is necessary 
because the IR is often overwritten with the next instruction 
(instruction prefetching) and the address from IMAP 2 is not 
used until the operands have been fetched and execution is 
to begin. This is not required of IMAP-i because the addresses 
it generates are always used immediately. 

NEXT MICROPROGRAM ADDRESS SELECTION 

There are four sources from which the next address for the 
microprogram PROM can come. These are IMAP-i, IMAP 2 and 
two microprogram PROMs. As previously mentioned, IMAP 1 
contains the addresses needed to begin operand fetch 
cycles or instruction execution cycles, and IMAP 2 contains 
initial microprogram addresses for instruction execution 
cycles only. Both of the microprogram PROMs contain next 
state addresses for these cycles to complete. 

One AmPAL16R6A is used to select which one of the four 
sources will provide the next microprogram PROM address. 
Inputs to this microbranch control PAL consist of three bits 
from microcode, the outputs of the decrement counter (3 
bits), and two bits for interrupt control. There are four out¬ 
puts, which control the three-state drivers of the four address 
sources. 

The three bits from microcode are used to select the condi¬ 
tions which must be considered for microbranching (e.g., un¬ 
conditional, DECREMENT COUNTER = 0?, INTERRUPT? and 
INTERRUPTS ENABLED?). The PAL decodes these condi¬ 
tions and selects the proper source for the next state ad¬ 
dress. The PAL’s function table is shown in Appendix C along 
with the other PAL DESIGN SPECIFICATIONS. 

MICROPROGRAM MEMORY 

The microcode for the Berkeley-1 Plus resides in eight 
Am27S25 512 x 8 registered PROMs and one Am27S29 512 x 8 
PROM. The latter PROM is used in conjunction with a 
AmPAL16R6A to generate the next microprogram address as 
explained above. The entire sequencer is shown in Figure 11. 

CONCLUSION 

The PAL implementation of the Berkeley-1 Plus results in a 
truly high performance 16-bit CPU. Functions such as the 
barrel shifter and double-pipelining control are not feasibly 
implemented in standard SSI/MSI devices. Specialized func¬ 
tions such as LDM and STM are application dependent and 
therefore not easily optimized in LSI implementations either. 
The flexibility of PALs makes these functions easy to op¬ 
timize, resulting in the high performance design shown. 
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Figure 10. Memory Data Registers 1 and 2 and Memory Address Register 





















































































































































































5-88 




INSTRUCTION SET 


Mnemonic/ 


Instruction 

OPCODE 

Operation 


Condition Codes 

ADD 

OOSSDDq 

(dst — (src)-t-(dst) 

N: 

set if resuit<0 

Add 



Z: 

set if result = 0 




V; 

set if there is arithmetic overflow as a 
result of the operation; that is, both 
operands were of the same sign and the 
result is of the opposite sign 




C: 

set if there is a carry from the most 
significant bit of the result 

SUB 

OISSDDs 

(dst) —(dst)-(src) 

N: 

set if result<0 

Subtract 



Z: 

set if resuit =0 




V: 

set if there is arithmetic overflow as a 
result of the operation, i.e., if the 
operands were of opposite signs and the 
sign of the source is the same as the sign 
of the result 




C: 

set if there is a borrow into the most 
significant bit of the result 

CMP 

02SSDD8 

(src) - (dst) 

N: 

set if result<0 

Compare 



Z: 

set if result = 0 




V: 

set if there is arithmetic overflow; i.e., 
operands of opposite signs and the sign 
of the destination is the same as the sign 
of the result 




C: 

set if there is a borrow into the most 
significant bit of the resuit 

AND 

03SSDD8 

(dst) —(src)A(dst) 

N; 

set if resuit<0 

And 



Z: 

set if result = 0 




V: 

unaffected 




C: 

unaffected 

OR 

04SSDD8 

(dst)—(src) V (dst) 

N: 

set if resuit<0 

Or 



Z: 

set if result = 0 




V: 

unaffected 




C: 

unaffected 

XOR 

OSSSDDg 

(dst) — [(~ src) A (dst)] V 

N: 

set if the resuit<0 

Exclusive 


[(src) A(~dst)] 

Z: 

set if result = 0 

OR 


= srcVdst 

V: 

unaffected 




C: 

unaffected 

SHL 

06SSDD8 

(dsti) —(dst|_src): issrc 

N: 

set if result< 0 

Shift Left 


(dstj)-0: i<src 

Z: 

set if result = 0 




V: 

unaffected 




C: 

unaffected 

SHR 

07SSDD8 

(dsti)-(dstj + src): i^lS-src 

N: 

set if resuit<0 

Shift Right 


(dstj)-(dst 15) : i>15-src 

Z: 

set if result = 0 




V: 

unaffected 




C: 

unaffected 

CONDITIONAL BRANCH INSTRUCTIONS: 



BA 

0800008 

PC-PC-H OFFSET 

N: 

unaffected 

Branch 

plus 8-bit 


Z: 

unaffected 

(Unconditional) 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BEQ 

0804008 

PC-PC-f OFFSET 

N: 

unaffected 

Branch if 

plus 8-bit 

if Z=1 

Z: 

unaffected 

equal (to zero) 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BMI 

081000 

PC-PC-H OFFSET 

N: 

unaffected 

Branch if 

plus 8-bit 

if N = 1 

Z: 

unaffected 

minus 

OFFSET 


V: 

unaffected 




C: 

unaffected 
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INSTRUCTION SET (Continued) 


Mnemonic/ 


Instruction 

OPCode 

Operation 

Condition Codes 

BCS 

0814008 

PC —PC-f OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if C=1 

Z: 

unaffected 

carry set 

OFFSET 


V; 

unaffected 




C: 

unaffected 

BVS 

0820008 

PC-PC-1-OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if V = 1 

Z: 

unaffected 

V bit set 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BLT 

0824008 

PC-PC-1-OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if NVV = 1 

Z: 

unaffected 

iess than 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BLE 

0830008 

PC—PC-r-OFFSET 

N; 

unaffected 

Branch if iess 

pius 8-bit 

if(Z)V(NW)=1 

Z: 

unaffected 

than or equal to 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BIOS 

0834008 

PC-PC-t-OFFSET 

N: 

unaffected 

Branch if lower 

pius 8-bit 

if NVZ = 1 

Z: 

unaffected 

or same 

OFFSET 


V: 

unaffected 




C: 

unaffected 

NOP 

0840008 

PC—PC-1-1 

N: 

unaffected 

No Operation 

plus 8-bits 


Z: 

unaffected 


of Don’t Care 


V: 

unaffected 




C: 

unaffected 

BNE 

0844008 

PC-PC + OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

ifZ = 0 

Z; 

unaffected 

not equai 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BHiS 

0850008 

PC-PC-1-OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if N = 0 

Z: 

unaffected 

higher than 

OFFSET 


V: 

unaffected 

or same 



C: 

unaffected 

BCC 

0854008 

PC—PC-1-OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if C = 0 

Z: 

unaffected 

carry ciear 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BVC 

0860008 

PC-PC-f-OFFSET 

N: 

unaffected 

Branch if V 

plus 8-bit 

if V = 0 

Z: 

unaffected 

bit clear 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BGE 

0864008 

PC-PC-f-OFFSET 

N: 

unaffected 

Branch if 

pius 8-bit 

if NW = 0 

Z: 

unaffected 

greater than 

OFFSET 


V: 

unaffected 

orequai 



C: 

unaffected 

BGT 

0870008 

PC—PC-t-OFFSET 

N: 

unaffected 

Branch if 

plus 8-bit 

if(Z)V(NW) = 0 

Z: 

unaffected 

greater than 

OFFSET 


V: 

unaffected 




C: 

unaffected 

BHI 

0874008 

PC-PC-f OFFSET 

N: 

unaffected 

Branch if 

plus 8-bit 

if NVZ = 0 

Z: 

unaffected 

higher 

OFFSET 


V: 

unaffected 




C; 

unaffected 

MOV 

11SSDD8 

(dst)—(src) 

N: 

unaffected 

Move 



Z: 

unaffected 




V: 

unaffected 




C: 

unaffected 
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INSTRUCTION SET (Continued) 


Mnemonic/ 


Instruction 

opcode 

Operation 

Condition Codes 

CALL 

12XXDD8 

MEM[SP-1]-PC 

N: 

unaffected 

Jump to 


PC-dst 

Z: 

unaffected 

Subroutine 



V; 

unaffected 




C: 

unaffected 

RET 

ISXXXXg 

PC-MEM[SP] 

N: 

unaffected 

Return from 


SP-SP+1 

Z: 

unaffected 

Subroutine 



V: 

unaffected 




C: 

unaffected 

LDM 

14SSDD8 

FOR i: = 0to i = src 

N: 

unaffected 

Load from 


BEGIN 

Z: 

unaffected 

Memory 


REG(src - i)^ MEM[dst -t- src - i] 

V: 

unaffected 



END 

C: 

unaffected 

STM 

15SSDD8 

FOR i: = 0 to i = src 

N: 

unaffected 

Store into 


BEGIN 

Z: 

unaffected 

Memory 


M EM[dst + src - i]^ REGfsrc - i) 

V: 

unaffected 



END 

C: 

unaffected 

INTENB 

15XXX08 

INT ENB FLAG —IRo 

N: 

unaffected 

Enabie or 

to disable 


Z: 

unaffected 

Disabie 

16XXX18 


V: 

unaffected 

Interrupts 

to enable 


C: 

unaffected 

JUMP 

17XXDD8 

PC-dst 

N: 

unaffected 

Jump 



Z: 

unaffected 




V: 

unaffected 




C: 

unaffected 


ADDRESSING MODES 


Binary Code 



Binary Code 



(SOURCEOP or DESTOP) 

Name 

Function 

{SOURCEOP or DESTOP) 

Name 

Function 

0 I I I I I 

Short 

Operand is 

111000 

Absolute 

The contents of 


Immediate 

contained in the 



the memory loca- 



instruction. It is 



tion pointed to by 



the lower five bits 



the PC is the 



of the SOURCEOP 



memory address 



or DESTOP field, 



of the operand. 



sign extended. 



PC-PC-i-1. 

100RRR 

Register 

The register 

111001 

Stack 

The contents of 



specified by the 


Pointer 

the SP (register 7) 



REG field bits 


Auto- 

is the memory ad- 



RRR, contains the 


Increment 

dress of the 



operand. 



operand. The SP is 

101RRR 

Register 

The register 



then automatically 


Indirect 

specified by the 



incremented. 



REG field bits 

111010 

Stack 

The contents of 



RRR contains the 


Pointer 

the SP is 



memory address 


Auto- 

decremented and 



of the operand. 


Decrement 

is now the 

110RRR 

Register 

The contents of 



memory address 


Indexed 

the memory loca- 



of the operand. 



tion pointed to by 

111011 

Reserved 

Are currently 



the PC is added to 
the contents of 
the register speci¬ 
fied by the REG 
field bits RRR. 

This forms the 
memory address 
of the operand 
PC-PC-i-1. 

1111XX 


flagged as illegal. 
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CRITICAL PATH ANALYSIS SEQUENCER 




IR 

AmPAL16R8A 

AND 

Am29825 



PATH 1- 

PATH 2 " - 

PATH 3- 

PATH 4- 

PATH 5. 

PATHS- 


Ji 


EXECUTION 
DECODE 
REGISTER f 
Am29825 J 


- 1 — 

I 

I 

^PROGRAM ( 

PROM ( 

Am27S25A | 

I 

( 

j 

/iPROGRAM 

PROM 

Am27S25A 

NEXT;4ADR 

PIPELINE 

REGISTER 

PIPELINE 
REGISTER j' 


^PROGRAM 

PROM 

Am27S29A 

;iii 


^BRANCH 

CONTROL 

AmPAL16R6A 
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CRITICAL PATH TIMING ANALYSIS 
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CRITICAL PATH ANALYSIS FOR BERKELEY-1 PLUS SEQUENCER 


Path 1: 


tco 

IR AmPAL16R8A 

15ns 

tAA 

IMAPi 

Am27S281A 

35ns 

ts 

/iProgram PROM 
Am27S25A 

30ns 

80ns 


Path 2: 



tco 

IR AmPAL16R8A 

15ns 

tAA 

IMAP 2 

Am27S281A 

35ns 

ts 

Execution 

Decode REG 

Am29825 

4ns 




54ns 

Path 3: 

tco 

IR AmPAL16R8A 

15ns 

tAA 

IMAPi 

Am27S281A 

35ns 

tAA 

/^Program PROM 
Am27S29A 

35ns 

ts 

/xBranch PAL 
AmPAL16R6A 

20ns 


105ns 


Path 4: 


tco 

/iBranch PAL 
AmPAL16R6A 

15ns 

tpzx 

IMAPi 

Am27S281A 

25ns 

tAA 

liProgram PROM 
Am27S29A 

35ns 

ts 

/iBranch PAL 
AmPAL16R6A 

20ns 

95ns 


Path 5: 



tco 

^Branch PAL 
AmPAL16R6A 

15ns 

tpzx 

/iProgram PROM 
next /lADDRESS 
Am27S25A 

25ns 

tAA 

/iProgram PROM 
Am27S29A 

35ns 

ts 

^Branch PAL 
AmPAL16R6A 

20ns 

95ns 


Path 6: 



tco 

^Branch PAL 
AmPAL16R6A 

15ns 

tpzx 

Execution Decode 
Register 

Am29825 

15ns 

tAA 

/iProgram PROM 
Am27S29A 

35ns 

ts 

/^Branch PAL 
AmPAL16R6A 

20ns 


85ns 


Note: tco = Clock to Output Delay 
tAA = Access Time delay 
ts = Set-Up time 
tpzx = Output Enable delay 


03862A-146 
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CRITICAL PATH ANALYSIS FOR BERKELEY-1 PLUS CPU 
INSTRUCTION ADD 

Pathi: Path 4: 


tco_AmPAL16R6A 15ns 

ADRtoPi,GiOfAm29203 52ns 

Pi,GltoCn + zOf Am2902A 9ns 

CntoCn + 4 of Am29203 18ns 

ts CBR Control PAL 20ns 

AmPAL16R6A 



114ns 

Path 2: 


tco ^iProgram PROM 

25ns 

Am27S25A 


ItoPi.Giof Am29203 

50ns 

Pi, Gi to On + z of Am2902A 

9ns 

Cn to On - 1 - 4 of Am29203 

18ns 

ts CBR Control PAL 

20ns 

AmPAL16R6A 


122ns 


Path 3: 



tco 

VR AmPAL16R6A 

15ns 

ADRtoYofAm29203 

68ns 

ts 

Destination 

(PALS) 

20ns 


103ns 


tco /iProgram PROM 25ns 

Am27S25A 

ltoYofAm29203 64ns 

ts Destination 20ns 

_ (PALS) _ 

109ns 


Path 5: 


tco 

VR AmPAL16R6A 

15ns 

tpd 

RBUS Control PALs 
AnnPAL16H8A 

25ns 

DA or DB to Pi, Gi of Am29203 

44ns 

Pi.GitoC 

n + z of Am2902A 

9ns 

Cn to Cn + 4 ot Am29203 

18ns 

ts 

CBR Control PAL 
AnnPAL16R6A 

20ns 


131ns 


Path 6: 


tco 

VR AmPAL16R6A 

15ns 

tpd 

RBUS Control PALs 
AmPAL16H8A 

25ns 

DA or DB to Y of Ann29203 

59ns 

ts 

Destination 

(PALs) 

20ns 


119ns 
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MEMORY DATA BUS 



Register-to-Register ADD 


03862A-148 




































CRITICAL PATH ANALYSIS FOR BERKELEY-1 PLUS CPU (Continued) 
INSTRUCTION SHIFT: 

Pathi: 


tco VR AmPAL16R6A 15ns 

AorBADRtoDAorDBof Am29203 24ns 

tpd Barrel Shifter 50ns 

ts Y to RAM of Am29203 16ns 


105ns 


Path 2: 


tco VRAmPAL16R6A 15ns 

tpd RBUS PALS 25ns 

tpd Barrel Shifter 50ns 

ts_Y to RAM of Ann29203 16ns 


106ns 


Path 3: 


tco 

VR AmPAL16R6A 

15ns 

tpd 

RBUS PALs 

25ns 

tpd 

Barrel Shifter 

50ns 

ts 

MDRi 

20ns 


AmPAL16R4A 



110ns 
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CRITICAL PATH ANALYSIS FOR BERKELEY-1 PLUS CPU (Continued) 
MEMORY ACCESS: 


Indexed: 


tco VR AmPAL16R6A 

15ns 

ADRtoYof Am29203 

68ns 

ts MAR 

20ns 

AmPAL16R4A 


103ns 


tco 

/iProgram PROM 
Am27S25A 

25ns 

tpzx 

MDR2 

Am29823 

15ns 

DBtoYofAm29203 

59ns 

ts 

MAR 

AmPAL16R4A 

20ns 

119ns 


Indirect: 


tco VRAmPAL16R6A 15ns 

BADRtoDBofAm29203 24ns 

tpD 74S244 10.5ns 

49.5ns 
+ Mennory Access 
Time 

+ Set-Up Time 
to DEST of Data 


03862A-151 
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PAL16H8 



PAL DESIGN SPECIFICATION 

PAT023 



JEFF KITSON 10/4/82 

BIT SHIFTER 




ADVANCED MICRO 

DEVICES 



10 11 12 13 14 

15 16 17 18 GND 



19 YO Y1 OE SRNSL RO R1 Y2 Y3 VCC 



;BIT SHIFTER OUTPUT SIGNALS 



IF (OE) Y3 

= /Rl*/R0-”-I6 

+ 



/Rl^:- RO’”- SRNSL*I7 

-f 



Rl-::-/RO^:- SRNSL--I8 

+ 



Rl* RO- SRNSL-”-I9 

+ 



/Rl-^ R0^:-/SRNSL-”-I5 

+ 



Rl*/R0-”-/SRNSL*I4 

+ 



Rl--- R0’”-/SRNSL-“-I3 



IF (OE) Y2 

= /R1-VR0’“-I5 

+ 



/Rl^:- RO-”- SRNSL*I6 

+ 



Rl-”-/RO-”- SRNSL--"I7 




Rl-:^ RO-”- SRNSL-::-18 

+ 



/Rl-^ R0-”-/SRNSL-:'I4 

+ 



Rl-::-/R0’”-/SRNSL-”-I3 

- 1 - 



Rl-::- R0-”-/SRNSL-”-I2 



IF (OE) Y1 

= /Rl-::-/R0^:-I4 

+ 



/Rl-^ RO^:- SRNSL-::-I5 

+ 



Rl-::-/RO-::- SRNSL’”-I6 

+ 



Rl’”- RO^:- SRNSL-::-I7 

+ 



/Rl-::- R0^:-/SRNSL-::-I3 




Rl-::-/R0’"-/SRNSL-::-I2 

+ 



Rl-::- R0-::-/SRNSL*I1 



IF (OE) YO 

= /Rl^:-/R0-::-I3 

+ 



/Rl’”- RO-::- SRNSL-::-I4 

+ 



Rl-::-/RO^:- SRNSL-::-I5 

+ 



Rl-::- RO’”- SRNSL-:^I6 

+ 



/Rl-”- R0-:VSRNSL-::-I2 

+ 



Rl-:^/RO-:VSRNSL-::-Il 

+ 



Rl-”- RO-:^/SRNSL-::-IO 
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FUNCTION TABLE 

10 II 12 13 14 15 16 17 18 19 OE SRNSL R1 RO YO Y1 Y2 Y3 


;SHIFT ZERO 

HHHLLLHHHLHH LL LLLH 

HHHLLLHHHLHL LL LLLH 

;SHIFT ONE 

HHHLLLHHHLHH LH LLHH 

HHHLLLHHHLHL LH HLLL 

;SHIFTTWO 

HHHLLLHHHLHH HL LHHH 

HHHLLLHHHLHL HL HHLL 

;SHIFT THREE 

HHHLLLHHHLHH HH HHHL 

HHHLLLHHHLHL HH HHHL 


DESCRIPTION 

THE SECOND LEVEL OF THE BARREL SHIFTER IS THE BIT SHIFTER PERFORMS 
A RIGHT OR LEFT SHIFT OF 0,1,2 OR 3 PLACES, WHICH IS CONTROLLED BY 
THE LOWER TWO BITS OF THE RBUS, I.E. RBUS<1:0>. THE SHR/SHL 
SIGNAL CONTROLS THE DIRECTION OF THE SHIFT. THE SHIFTER/ALU 
SIGNAL CONTROLS THE GATING OF THE SHIFTER ONTO THE YBUS. THIS 
FOUR INPUT AND FOUR OUTPUT PAL SLICE IS CASCADED TO IMPLEMENT A 
16-BIT SHIFTER. 
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PAL16H8 

PAT023 

BIT SHIFTER 

ADVANCED MICRO DEVICES 

*D9725 

*FO* 

LOOOO 1111 1111 1111 1111 1111 1101 

L0032 1111 1111 1110 1110 1111 0111 

L0064 1111 1111 1110 1101 1101 1111 

L0096 1111 1111 1101 1110 1101 1111 

L 0128 nil nil 1101 1101 1101 nn 

L0160 1111 1111 1110 1101 0110 1111 

L0192 nil 1111 1101 0110 1110 1111 

L0224 nil 1111 0101 1101 1110 1111 

L0256 nil 1111 1111 1111 1111 1101 

L0288 nil nil 1110 1110 0111 1111 

L0320 1111 1111 1110 1101 1101 0111 

L0352 nil nil 1101 1110 1101 1111 

L0384 nil 1111 1101 1101 1101 1111 

L0416 nil 1111 1110 0101 1110 1111 

L0448 nil 1111 0101 1110 1110 1111 

L0480 nil 0111 1101 1101 1110 1111 

L1536 nil 1111 1111 1111 1111 1101 

L1568 nil 1111 1110 0110 1111 1111 

L1600 nil 1111 1110 1101 0101 1111 

L1632 nil 1111 1101 1110 1101 0111 

L1664 nil 1111 1101 1101 1101 1111 

L1696 nil 1111 0110 1101 1110 1111 

L1728 nil 0111 1101 1110 1110 1111 

L1760 0111 nil 1101 1101 1110 1111 

L1792 nil 1111 1111 1111 1111 1101 

L1824 nil nil 0110 1110 1111 1111 

L1856 nil 1111 1110 0101 1101 1111 

L1888 nil 1111 1101 1110 0101 1111 

L1920 nil 1111 1101 1101 1101 0111 

L1952 nil 0111 1110 1101 1110 1111 

L1984 0111 nil 1101 1110 1110 nil 

L2016 1101 1111 1101 1101 1110 1111 

C722F* 

VOOOl 11100011lOOLLllOOLHl * 

V0002 11100011lOOLLlOOOLHl * 

V0003 1110001 nOOLLlllOHHl * 

V0004 IIIOOOIIIOOHLIOIOLLI * 

V0005 1110001IIOOLHIIOIHHI * 

V0006 11100011lOOHHlOOlLLl * 

V0007 niOOOlllOOHHllllHLl * 

V0008 11100011lOOHHlOllHLl * 

79AF 


PAL DESIGN SPECIFICATION 
JEFF KITSON 10/4/82 


nil nil * 
1111 1111 * 
0111 1111 * 
1111 0111 * 
1111 1101 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
0111 1111 
1111 0111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 nil 
1111 1111 * 
1111 1111 * 
0111 1111 « 
1111 1111 * 
1111 1111 * 
1111 nil * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 nil * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
1111 1111 * 
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PAL16H8 


PAL DESIGN SPECIFICATION 

PAT024 


JENNY YEE 10/4/82 

NIBBLE SHIFTER A 



ADVANCED MICRO DEVICES 


S4 S3 S2 SI SO 

R3 R2 R1 RO GND 


OE NC SRNSL 10 

11 12 13 ZOE Z VCC 


;NIBBLE SHIFTER 

A OUTPUTS 


IF (OE-::-ZOE) Z 

= ZOE’^/ZOE 


ZOE 

= /SRNSL*/R1* R0-“ 13 

-1- 


12 

-1- 


11 

-f- 


10 


13 

= SRNSL-”- S2*/R3-- R2 

+ 


SRNSL* SI* R3* R2 

+ 


SRNSL* SO* R3* R2 

+ 


/SRNSL* S4*/R3* R2 

+ 


/SRNSL* S4* R3*/R2 

+ 


/SRNSL* S4* R3* R2 

+ 


S3*/R3*/R2 


12 

= SRNSL* Sl*/R3* R2 

+ 


SRNSL* SO* R3*/R2 

+ 


/SRNSL* S3*/R3* R2 

-1- 


/SRNSL* S4* R3*/R2 

-t- 


/SRNSL* S4* R3* R2 

+ 


S2*/R3*/R2 


11 

= SRNSL* S0*/R3* R2 

+ 


/SRNSL* S2*/R3* R2 

+ 


/SRNSL* S3* R3*/R2 

+ 


/SRNSL* S4* R3* R2 

-1- 


Sl*/R3*/R2 


10 

= /SRNSL* Sl*/R3* R2 

+ 


/SRNSL* S2* R3*/R2 

+ 


/SRNSL* S3* R3* R2 

-t- 


S0*/R3*/R2 
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FUNCTION TABLE 


S4 S3 S2 SI 

SO 

R3 

R2 

R1 

RO 

SRNSL 

OE 

13 

12 

11 

10 

ZOE 

Z 

;SHIFT ZERO 
L H H H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L H H H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

H 

L 

;SHIFT ONE 

L H L H 

H 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

L 

L H L H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

L 

;SHIFT TWO 

L H H L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

Z 

L H H L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

H 

H 

L 

;SHIFT THREE 

L H L H H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

Z 

L H L H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 


DESCRIPTION 

THE NIBBLE SHIFTER IS IMPLEMENTED USING FOUR AMPAL16H8AS. IT PERFORMS 
A SHIFT OF 0,4,8 OR 12 BITS. THE NUMBER OF SHIFTS IS DEPENDENT UPON 
THE UPPER TWO BITS OF THE FOUR BIT SHIFT DISTANCE, RBUS<3:2>. ZERO 
CONDITION CODE CALCULATION IS PERFORMED USING ALL FOUR SHIFT DISTANCE 
BITS, RBUS<3:0>. SHIFT DIRECTION IS DETERMINED BY SHR/SHL. DATA 
INPUTS ARE SBUS<15:0>. NIBBLE SHIFTER A USES INPUTS SBUS<15,11,7,3>. 
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PAL16H8 PAL DESIGN 

PAT024 JENNY YEE 

NIBBLE SHIFTER A 

ADVANCED MICRO DEVICES 

*D9725 

*FO* 


LOOOO 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1101 

* 

L0032 

nil 

1101 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0288 

nil 

nil 

1101 

nil 

nil 

nil 

1010 

0111 

* 

L0320 

nil 

nil 

nil 

1101 

nil 

nil 

nil 

nil 


L0352 

nil 

nil 

nil 

nil 

1101 

nil 

nil 

nil 

* 

L0384 

nil 

nil 

nil 

nil 

nil 

1101 

nil 

nil 

* 

L0512 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0544 

nil 

0111 

nil 

nil 

1011 

0111 

1101 

nil 

* 

L0576 

nil 

nil 

0111 

nil 

0111 

0111 

1101 

nil 


L0608 

nil 

nil 

nil 

0111 

0111 

0111 

1101 

nil 

* 

L0640 

1101 

nil 

nil 

nil 

1011 

0111 

1110 

nil 

* 

L0672 

1101 

nil 

nil 

nil 

0111 

1011 

1110 

nil 

* 

L0704 

1101 

nil 

nil 

nil 

0111 

0111 

1110 

nil 

* 

L0736 

0111 

nil 

nil 

nil 

1011 

1011 

nil 

nil 


L0768 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L0800 

nil 

nil 

0111 

nil 

1011 

0111 

1101 

nil 

* 

L0832 

nil 

nil 

nil 

0111 

0111 

1011 

1101 

nil 

* 

L0864 

0111 

nil 

nil 

nil 

1011 

0111 

1110 

nil 

* 

L0896 

1101 

nil 

nil 

nil 

0111 

1011 

1110 

nil 

* 

L0928 

1101 

nil 

nil 

nil 

0111 

0111 

1110 

nil 

* 

L0960 

nil 

0111 

nil 

nil 

1011 

1011 

nil 

nil 

* 

L1024 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L1056 

nil 

nil 

nil 

0111 

1011 

0111 

1101 

nil 

* 

L1088 

nil 

0111 

nil 

nil 

1011 

0111 

1110 

nil 

* 

L1120 

0111 

nil 

nil 

nil 

0111 

1011 

1110 

nil 

* 

L1152 

1101 

nil 

nil 

nil 

0111 

0111 

1110 

nil 

* 

L1184 

nil 

nil 

0111 

nil 

1011 

1011 

nil 

nil 

* 

L1280 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

* 

L1312 

nil 

nil 

0111 

nil 

1011 

0111 

1110 

nil 

* 

L1344 

nil 

0111 

nil 

nil 

0111 

1011 

1110 

nil 

* 

L1376 

0111 

nil 

nil 

nil 

0111 

0111 

1110 

nil 

* 

L1408 

nil 

nil 

nil 

0111 

1011 

1011 

nil 

nil 

* 


C7F31* 

VOOOl OlllOOOOOOlXlLHHHHHl * 
V0002 OlllOOOOOOlXOLHHHHHl * 
V0003 OIOIIOIOIOIXILHHLHHI * 
V0004 OIOIIOIOIOIXOHLHLHHI * 
V0005 OIIOOIOIOOIXILLLLLLI * 
V0006 OIIOOIOIOOIXOHHLLHHI * 
V0007 OlOllllllOlXlLLLHLLl * 
V0008 OlOllllllOlXOHLLLHHl * 
8543 


SPECIFICATION 

10/4/82 
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All fuses intact —1— = Fuse blown 
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PAL16H8 


PAL DESIGN SPECIFICATION 

PAT024 


JEFF KITSON 10/4/82 

NIBBLE SHIFTER 

B 


ADVANCED MICRO 

DEVICES 


S4 S3 S2 SI SO R3 R2 R1 RO GND 


OE NC SRNSL 10 

11 12 13 ZOE Z VCC 


; NIBBLE SHIFTER B OUTPUTS 


IF (OE*ZOE) Z 

= ZOE*/ZOE 


ZOE 

= SRNSL*/R1-:^ 13 

-1- 


SRNSL---/R1* 10 

-(- 


SRNSL«VR0* 10 

+ 


12 

-f- 


11 


13 

= SRNSL-”- S2*/R3-“- R2 

- 1 - 


SRNSL-”^ SI* R3*/R2 

+ 


SRNSL-“- S0-“- R3* R2 

- 1 - 


/SRNSL* S4*/R3* R2 

+ 


/SRNSL* S4* R3*/R2 

- 1 - 


/SRNSL* S4* R3* R2 

- 1 - 


S3*/R3*/R2 


12 

= SRNSL* Sl*/R3* R2 

- 1 - 


SRNSL* SO* R3*/R2 

•r 


/SRNSL* S3*/R3* R2 

+ 


/SRNSL* S4* R3*/R2 

- 1 - 


/SRNSL* S4* R3* R2 

+ 


S2*/R3*/R2 


11 

= SRNSL* S0*/R3* R2 

- 1 - 


/SRNSL* S2*/R3* R2 

+ 


/SRNSL* S3* R3-*/R2 

+ 


/SRNSL* S4* R3* R2 

- 1 - 


Sl*/R3*/R2 


10 

=/SRNSL* Sl*/R3* R2 

+ 


/SRNSL* S2* R3*/R2 

+ 


/SRNSL* S3* R3* R2 

+ 


S0*/R3*/R2 



5-110 




FUNCTION TABLE 


S4 S3 S2 SI 

SO 

R3 

R2 

R1 

RO 

SRNSL 

OE 

13 

12 

11 

10 

ZOE 

Z 

;SHIFT ZERO 
L H H H 

L 

L 

L 

X 

X 

H 

L 

H 

H 

H 

L 

H 

Z 

L H H H 

L 

L 

L 

X 

X 

L 

L 

H 

H 

H 

L 

H 

z 

;SHIFT ONE 

L H L H 

H 

L 

H 

X 

X 

H 

L 

L 

H 

H 

L 

H 

z 

L H L H 

H 

L 

H 

X 

X 

L 

L 

L 

H 

L 

H 

H 

z 

;SHIFT TWO 

L H H L 

L 

H 

L 

X 

X 

H 

L 

L 

L 

L 

L 

L 

z 

L H H L 

L 

H 

L 

X 

X 

L 

L 

L 

L 

H 

H 

H 

z 

;SHIFT THREE 

L H L H H 

H 

H 

X 

X 

H 

L 

H 

L 

L 

L 

H 

z 

L H L H 

H 

H 

H 

X 

X 

L 

L 

L 

L 

L 

H 

L 

z 


DESCRIPTION 

NIBBLE SHIFTER B IS THE SECOND SLICE OF THE SERIES OF FOUR CASCADED 
NIBBLE SHIFTER PALS. THE FUNCTIONS ARE THE SAME, WITH NIBBLE SHIFTER 
B USING SBUS<14,10,6,2> AS DATA INPUTS. 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT024 JEFF KITSON 10/4/82 

NIBBLE SHIFTER B 

ADVANCED MICRO DEVICES 

*D9725 

*F0* 

Loooo 1111 1111 1111 1111 nil nil nn noi * 

L0032 1111 1101 1111 1111 1111 1111 1111 1111 * 

L0256 nil 1111 1111 1111 1111 nil 1111 1111 * 

L0288 nil 1111 1101 1111 1111 nil 1001 nil * 

L0320 1111 1111 1111 1111 1111 1101 1001 1111 * 

L0352 1111 1111 1111 nil 1111 1101 1101 1011 * 

L0384 1111 1111 1111 1101 1111 nil 1111 1111 * 

L0416 1111 1111 1111 1111 1101 1111 1111 1111 * 

L0512 nil 1111 1111 1111 1111 1111 1111 1111 * 

L0544 nil 0111 1111 1111 1011 0111 1101 1111 * 

L0576 nil 1111 0111 nil 0111 1011 1101 1111 * 

L0608 1111 1111 1111 0111 0111 0111 1101 1111 * 

L0640 1101 nil 1111 1111 1011 0111 1110 1111 * 

L0672 1101 nil 1111 1111 0111 1011 1110 1111 * 

L0704 1101 nil 1111 1111 0111 0111 1110 1111 * 

L0736 0111 nil 1111 nil 1011 1011 1111 nil * 

L0768 1111 1111 1111 1111 1111 nil 1111 1111 * 

L0800 1111 1111 0111 1111 1011 0111 1101 1111 * 

L0832 1111 1111 1111 0111 0111 1011 1101 1111 ^ 

L0864 0111 nil 1111 1111 1011 0111 1110 1111 * 

L0896 1101 nil 1111 1111 0111 1011 1110 1111 * 

L0928 1101 nil 1111 1111 0111 0111 1110 1111 *• 

L0960 nil 0111 1111 nil 1011 ion nn nn * 

L1024 1111 1111 1111 1111 1111 nil 1111 1111 * 

L1056 1111 nil 1111 0111 1011 0111 1101 1111 * 

L1088 1111 0111 1111 1111 1011 0111 1110 1111 * 

L1120 0111 1111 1111 1111 0111 1011 1110 1111 * 

L1152 1101 1111 1111 1111 0111 0111 1110 nil * 

L1184 1111 1111 0111 nil 1011 1011 1111 1111 * 

L1280 1111 1111 1111 1111 1111 nil 1111 nil * 

L1312 1111 1111 0111 1111 1011 0111 1110 1111 * 

L1344 1111 0111 1111 1111 0111 1011 1110 1111 * 

L1376 0111 1111 1111 1111 0111 0111 1110 1111 * 

L1408 1111 1111 1111 0111 1011 1011 1111 1111 * 

C82C7* 

VOOOl OlllOOOXXOOXlLHHHHZl * 

V0002 OniOOOXXOOXOLHHHHZl * 

V0003 OIOIIOIXXOOXILHHLHZI * 

V0004 OlOllOlXXOOXOHLHLHZl * 

V0005 OllOOlOXXOOXlLLLLLZl * 

V0006 OllOOlOXXOOXOHHLLHZl * 

V0007 01011IIXXOOXILLLHHZI * 

V0008 OlOllllXXOOXOHLLLLZl * 

9nF 


5-112 




LOGIC DIAGRAM FOR: 

NIBBLE SHIFTER B USING AmPAL16H8A 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 3 
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-j|<— = Fuse intact —(x)— = All fuses intact —|— = Fuse blown 
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PAL16H8 

PAT025 

NIBBLE SHIFTER C 
ADVANCED MICRO DEVICES 
S4 S3 S2 SI SO R3 R2 R1 RO GND 
OE NC SRNSL 10 II 12 13 ZOE Z VCC 

;NIBBLE SHIFTER C OUTPUTS 

IF (OE*ZOE) Z = ZOE*/ZOE 

ZOE = /SRNSL*/R1* 13 
/SRNSL*/RO* 13 
SRNSL*/Rl* 10 
12 
II 

13 = SRNSL* S2*/R3* R2 
SRNSL* SI* R3*/R2 
SRNSL* SO* R3* R2 
/SRNSL* S4*/R3* R2 
/SRNSL* S4* R3*/R2 
/SRNSL* S4* R3* R2 
S3*/R3*/R2 

12 = SRNSL* Sl*/R3* R2 
SRNSL* SO* R3*/R2 
/SRNSL* S3*/R3* R2 
/SRNSL* S4* R3*/R2 
/SRNSL* S4* R3* R2 
S2*/R3*/R2 

II = SRNSL* S0*/R3* R2 
/SRNSL* S2*/R3*/R2 
/SRNSL* S3* R3*/R2 
/SRNSL* S4* R3* R2 
Sl*/R3*/R2 

10 =/SRNSL* Sl*/R3* R2 
/SRNSL* S2* R3*/R2 
/SRNSL* S3* R3* R2 
S0*/R3*/R2 


PAL DESIGN SPECIFICATION 
JENNY YEE 10/4/82 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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FUNCTION TABLE 

S4 S3 S2 SI SO R3 R2 R1 RO SRNSL OE 13 12 II 10 ZOE Z 


;SHIFT ZERO 

LHHHL LLLL H H HHHLHL 

LHHHL LLLL L H HHHLHL 

;SHIFT ONE 

LHLHH LHLH H H LHHLHL 

LHLHH LHLH L H LHLHHL 

;SHIFT TWO 

LHHLL HLHL H H LLLLLZ 

LHHLL HLHL L H LLHHHL 

;SHIFT THREE 

LHLHH H HHH H H HLLLLZ 

LHLHH HHHH L H LLLHLZ 


DESCRIPTION 

NIBBLE SHIFTER C IS THE THIRD SLICE OF THE FOUR CASCADED NIBBLE 
SHIFTER PALS. AGAIN, THE FUCNTIONS ARE THE SAME, WITH THIS 
SLICE HAVING DATA INPUTS FROM SBUS <13,9,5,1>. 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT025 JFJ^NY YEE 10/4/82 

NIBBLE SHIFTER C 

ADVANCED MICRO DEVICES 

*D9725 

•»F0* 

Loooo nil nil nn nn nn nn nn noi * 

L0032 1111 1101 1111 1111 nil 1111 1111 1111 * 

L0256 1111 1111 1111 1111 1111 1111 1111 1111 * 

L 0288 nil nil 1101 1111 1111 nil loio nn * 

L0320 1111 1111 1101 1111 1111 1111 1110 1011 * 

L0352 nil nn nn nn nn noi looi nn * 

L0384 1111 nn 1111 1101 1111 nil nn nn * 

L0416 1111 1111 1111 1111 1101 nil 1111 1111 * 

L0512 1111 1111 1111 1111 1111 1111 1111 1111 * 

L0544 nil oil] 1111 nn ion oni noi nn * 

L0576 1111 1111 0111 1111 0111 1011 1101 1111 * 

L0608 nil 1111 1111 0111 0111 0111 1101 1111 * 

L0640 1101 nil 1111 1111 1011 0111 1110 1111 * 

L0672 1101 nil 1111 1111 0111 1011 ino 1111 * 

L0704 1101 1111 1111 1111 0111 0111 1110 1111 * 

L0736 0111 nil 1111 1111 1011 1011 1111 1111 * 

L0768 nil 1111 1111 1111 1111 1111 1111 1111 * 

L0800 1111 1111 0111 1111 1011 0111 1101 1111 * 

L0832 nil nil 1111 0111 0111 1011 1101 1111 

L0864 0111 nil 1111 1111 1011 0111 1110 1111 * 

L0896 1101 nil 1111 1111 0111 1011 1110 1111 * 

L0928 1101 nil 1111 1111 0111 0111 1110 1111 * 

L0960 nil 0111 1111 1111 1011 1011 1111 1111 * 

L1024 nil 1111 1111 1111 1111 nn nn nn * 

L1056 1111 1111 1111 0111 1011 0111 1101 1111 * 

L1088 1111 0111 1111 1111 1011 1011 1110 1111 * 

Lino 0111 1111 1111 1111 0111 1011 1110 1111 * 

L1152 1101 1111 1111 1111 0111 0111 1110 1111 * 

Ln84 1111 1111 0111 1111 1011 1011 1111 1111 * 

L1280 1111 1111 1111 1111 1111 1111 1111 1111 * 

L1312 1111 1111 0111 nil 1011 0111 1110 1111 * 

L1344 1111 0111 1111 1111 0111 1011 1110 1111 * 

L1376 0111 1111 1111 1111 0111 0111 1110 1111 * 

LUOS 1111 1111 1111 0111 1011 1011 1111 1111 

C82EB* 

VOOOl OlllOOOOOOlXlLHHHHHl * 

V0002 OlllOOOOOOlXOLHHHHHl * 

V0003 OIOIIOIOIOIXILHHLHHI * 

V0004 OIOIIOIOIOIXOHIJILHHI * 

V0005 OIIOOIOIOOIXILLLLLLI * 

V0006 OIIOOIOIOOIXOHHLLHHI * 

V0007 OlOllllllOlXlLLLHLLl * 

V0008 OlOnilllOlXOHLLLLLl * 

8DF2 


5-116 





5-117 

















PAL16H8 PAL DESIGN SPECIFICATION 

PAT026 JEFF KITSON 10/4/82 

NIBBLE SHIFTER D 

ADVANCED MICRO DEVICES 

S4 S3 S2 SI SO R3 R2 R1 RO GND 

OE NC SRNSL 10 II 12 13 ZOE Z VCC 


;NIBBLE SHIFTER D OUTPUTS 


IF (OE*ZOE) 

Z = ZOE*/ZOE 


ZOE 

= 13 

+ 


12 

-1- 


11 

+ 


SRNSL* I0*/R1*/R0 


13 

S3*/R3*/R2 

-1- 


SRNSL* S2*/R3* R2 

+ 


SRNSL* SI* R3* R2 

-f- 


SRNSL* SO* R3* R2 

-1- 


/SRNSL* S4*/R3* R2 

+ 


/SRNSL* S4* R3*/R2 

+ 


/SRNSL* S4* R3* R2 


12 

= S2*/R3*/R2 

+ 


SRNSL* Sl*/R3* R2 

+ 


SRNSL* SO* R3*/R2 

+ 


/SRNSL* S3*/R3* R2 

-I- 


/SRNSL* S4* R3*/R2 

-t- 


/SRNSL* S4* R3* R2 


11 

= Sl*/R3*/R2 

-1- 


SRNSL* S0*/R3* R2 

+ 


/SRNSL* S2*/R3* R2 

-t- 


/SRNSL* S3* R3*/R2 



/SRNSL* S4* R3* R2 


10 

= S0*/R3*/R2 

•f 


/SRNSL* Sl*/R3* R2 

-1- 


/SRNSL* S2* R3*/R2 

-t- 


/SRNSL* S3* R3* R2 
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FUNCTION TABLE 

S4 S3 S2 SI SO R3 R2 R1 RO 


;SHIFT ZERO 

LHHHL LLLL 

LHHHL LLLL 

;SHIFT ONE 

LHLHH LHLH 

LHLHH LHLH 

;SHIFT TWO 

LHHLL HLHL 

LHHLL HLHL 

;SHIFT THREE 

LHLHH HHHH 

LHLHH HHHH 


SRNSL OE 13 12 II 10 ZOE Z 


H L HHHLHZ 

L L HHHLHZ 


H L LHHLHZ 

L L LHLHHZ 

H L LLLLLZ 

L L LLHHHZ 

H L HLLLHZ 

L L LLLHLZ 


DESCRIPTION 

NIBBLE SHIFTER D IS THE LAST OF THE FOUR NIBBLE SHIFTER SLICES. 
IT USES DATA INPUTS SBUS <12,8,4,0>. 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT026 JEFF KITSON 10/4/82 

NIBBLE SHIFTER D 

ADVANCED MICRO DEVICES 

*D9725 

*F0* 


LOOOO 

1111 

nil 

nil 

1111 

1111 

1111 

1111 

1101 

* 

L0032 

1111 

1101 

nil 

1111 

1111 

1111 

1111 

ini 

* 

L0256 

nil 

nil 

nil 

1111 

1111 

1111 

1111 

1111 

* 

L0288 

nil 

nil 

1101 

1111 

1111 

1111 

1111 

1111 

* 

L0320 

nil 

nil 

nil 

1101 

1111 

1111 

1111 

1111 

* 

L0352 

nil 

nil 

nil 

1111 

1101 

1111 

1111 

1111 


L0384 

nil 

nil 

nil 

1111 

1111 

1101 

1001 

1011 

* 

L0512 

nil 

nil 

nil 

1111 

1111 

1111 

1111 

1111 

* 

L0544 

0111 

nil 

nil 

1111 

1011 

1011 

1111 

1111 

* 

LOS 76 

nil 

0111 

nil 

1111 

1011 

0111 

1101 

1111 

* 

L0608 

nil 

nil 

0111 

1111 

0111 

0111 

1101 

1111 

* 

L0640 

nil 

nil 

nil 

0111 

0111 

0111 

1101 

1111 

* 

L0672 

1101 

nil 

nil 

1111 

1011 

0111 

1110 

1111 

* 

L0704 

1101 

nil 

nil 

1111 

0111 

1011 

1110 

1111 

* 

L0736 

1101 

nil 

nil 

1111 

0111 

0111 

1110 

1111 

* 

L0768 

nil 

nil 

nil 

1111 

1111 

1111 

1111 

1111 

* 

L0800 

nil 

0111 

nil 

1111 

1011 

1011 

1111 

1111 

* 

L0832 

nil 

nil 

0111 

1111 

1011 

0111 

1101 

1111 

* 

L0864 

nil 

nil 

nil 

0111 

0111 

1011 

1101 

1111 

* 

L0896 

0111 

nil 

nil 

1111 

1011 

0111 

1110 

1111 

* 

L0928 

1101 

nil 

nil 

1111 

0111 

1011 

1110 

1111 

* 

L0960 

1101 

nil 

Ini 

1111 

0111 

0111 

lilo 

1111 

* 

L1024 

nil 

nil 

nil 

1111 

1111 

1111 

1111 

1111 

* 

L1056 

nil 

nil 

0111 

nn 

1011 

1011 

1111 

nil 

* 

L1088 

nil 

nil 

nn 

0111 

1011 

0111 

1101 

1111 

* 

L1120 

nil 

0111 

nil 

1111 

1011 

0111 

1110 

1111 

* 

L1152 

0111 

nil 

1111 

1111 

0111 

1011 

1110 

1111 

* 

LI 184 

1101 

nil 

1111 

1111 

0111 

0111 

1110 

1111 

* 

L1280 

nil 

nil 

1111 

1111 

1111 

1111 

1111 

1111 

* 

L1312 

nil 

nil 

1111 

0111 

1011 

1011 

1111 

1111 

* 

L1344 

nil 

nil 

0111 

1111 

1011 

0111 

1110 

1111 

* 

L1376 

nil 

0111 

1111 

1111 

0111 

1011 

1110 

1111 

* 

L1408 

0111 

nil 

1111 

1111 

0111 

0111 

1110 

1111 

* 


C7F25* 

VOOOl OlllOOOOOOOXlLHHHHZl * 
V0002 OlllOOOOOOOXOLHHHHZl * 
V0003 OIOIIOIOIOOXILHHLHZI * 
V0004 OlOllOlOlOOXOHLHLHZl * 
V0005 OIIOOIOIOOOXILLLLLZI * 
V0006 OllOOlOlOOOXOHHLLHZl * 
V0007 OlOllllllOOXlLLLHHZl * 
V0008 OlOllllllOOXOHLLLLZl * 
8617 
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PAL16R8 



PAL DESIGN 

SPECIFICATION 

PAT017 



JENNY YEE 

10/4/82 

INSTRUCTION 

REGISTER 



ADVANCED 

MICRO DEVICES 



CLK D5 

D4 

D3 D2 D1 DO NC /CE GND 



/OE MO 

Ml 

M2 IRO IRl IR2 IR3 IR4 VCC 



;INSTRUCTIO^ 

I REGISTER OUTPUT SIGNALS 



/IR4 


= CE^7D4 

-I- 




/CE^7IR4 



/IR3 


= CE^i-ZDS 

-t- 




/CE*/IR3 



/IR2 


- CE^/D2 

+ 




/CE*/IR2 



/IRl 


= CE^/m 

-f- 




/CEVIRI 



/IRO 


= CE*/DO 

-t- 




/CE^VIRO 



/M2 


= /CE*/M2 

-I- 




CE-:7D5 

-t- 




CE* D5* D4* D3*/D2*/D1*/D0 

-I- 




CE* D5* D4* D3*/D2*/D1* DO 

+ 




CE* D5* D4* D3*/D2* Dl*/DO 



/Ml 


:= /CE*/M1 

-I- 




CE* D5*/D4*/D3 

-I- 




CE* D5*/D4* D3 

-I- 




CE* D5* D4* D3*/D2*/D1*/D0 

+ 




CE* D5* D4* D3*/D2*/D1* DO 



/MO 


;= /CE*/MO 

+ 




CE* D5*/D4*/D3 

-f- 




CE* D5* D4*/D3 

-I- 




CE* D5* D4* D3*/D2*/D1*/D0 

-I- 




CE* D5* D4* D3*/D2* Dl*/DO 
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FUNCTION TABLE 

CLK /OE /CE D5 D4 D3 D2 D1 DO IRA IR3 IR2 IRl IRO M2 Ml MO 


;LOAD REGISTERS FROM THE DBUS AND OUTPUT ONTO Q 
C LLLHLHLH HLHLHLHH 

C LLHLLLHL LLLHLHLL 

C LLHLHHLH LHHLHHLH 

C LLHHLLHL HLLHLHHL 

C LLHHHLLL HHLLLLLL 

C LLHHHLLH HHLLHLLH 

C LLHHHLHL HHLHLLHL 

C LLHHHLHH HHLHHHHH 

C LLHHHHLH HHHLHHHH 

;HOLD THIS VALUE AND OUTPUT ONTO Q 

C LHXXXXXX HHHLHHHH 


DESCRIPTION 

THE INSTRUCTION REGISTER (IR) IS IMPLEMENTED USING TWO 
AMPAL16R8AS AND ONE AM29825. THE INSTRUCTION REGISTER TAKES 16- 
BITS OF INPUT DATA FROM THE DBUS, PREDECODES THE OPCODE AND 
ADDRESSING MODES, GENERATING A lO-BIT FIELD FOR THE MAPPING PROM. 
IN ADDITION TO THIS, IR<11:0> IS PASSED THROUGH TO THE VALUE 
REGISTER, WHICH USES THIS DATA TO GENERATE CONDITIONAL BRANCH 
ADDRESSES, IMMEDIATE DATA VALUES, AND REGISTER FILE ADDRESSES. 
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PAL16R8 PAL DESIGN 

PAT017 JENNY YEE 

INSTRUCTION REGISTER 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 


LOOOO 

nil 

1011 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L0032 

1110 

nil 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0256 

nil 

nil 

1011 

nil 

nil 

nil 

nil 

1011 

* 

L0288 

nil 

1110 

nil 

nil 

nil 

nil 

nil 

0111 

* 

L0512 

nil 

nil 

nil 

1011 

nil 

nil 

nil 

1011 

* 

L0544 

nil 

nil 

1110 

nil 

nil 

nil 

nil 

0111 

* 

L0768 

nil 

nil 

nil 

nil 

1011 

nil 

nil 

1011 

* 

L0800 

nil 

nil 

nil 

1110 

nil 

nil 

nil 

0111 

* 

L1024 

nil 

nil 

nil 

nil 

nil 

1011 

nil 

1011 

* 

L1056 

nil 

nil 

nil 

nil 

1110 

nil 

nil 

0111 

* 

L1280 

nil 

nil 

nil 

nil 

nil 

1110 

nil 

0111 

* 

L1312 

1011 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L1344 

0111 

0111 

0111 

1011 

1011 

1011 

nil 

1011 

* 

L1376 

0111 

0111 

0111 

1011 

1011 

0111 

nil 

1011 

* 

L1408 

0111 

0111 

0111 

1011 

0111 

1011 

nil 

1011 

•5<- 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

1110 

0111 

* 

L1568 

0111 

1011 

1011 

nil 

nil 

nil 

nil 

1011 

* 

L1600 

0111 

1011 

0111 

nil 

nil 

nil 

nil 

1011 

* 

L1632 

0111 

0111 

0111 

1011 

1011 

1011 

nil 

1011 

* 

L1664 

0111 

0111 

0111 

1011 

1011 

oni 

nil 

1011 

* 

L1792 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

0110 

* 

L1824 

0111 

1011 

1011 

nil 

nil 

nil 

nil 

1011 

* 

L1856 

0111 

0111 

1011 

nil 

nil 

nil 

nil 

1011 

* 

L1888 

0111 

0111 

0111 

1011 

1011 

1011 

nil 

1011 

* 

L1920 

0111 

0111 

0111 

1011 

0111 

1011 

nil 

1011 

* 


C5BD1* 

VOOOl COIOIOIXOOOHHLHLHLHI * 
V0002 CIOOOIOXOOOLLHLHLLLI * 
V0003 ClOllOlXOOOHLHHLHHLl * 
V0004 CllOOlOXOOOLHHLHLLHl * 
V0005 ClllOOOXOOOLLLLLLHHl * 
V0006 ClllOOlXOOOHLLHLLHHl 
V0007 ClllOlOXOOOLHLLHLHHl * 
V0008 ClllOllXOOOHHHHHLHHl * 
V0009 CllllOlXOOOHHHHLHHHl * 
VOOlO CXXXXXXXIOOHHHHLHHHI * 
5196 


SPECIFICATION 

10/4/82 
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LOGIC DIAGRAM FOR: 

INSTRUCTION REGISTER USING AmPAL16R8A 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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PAL16R6 PAL DESIGN SPECIFICATION 

PAT022 JENNY YEE 10/4/82 

VALUE REGISTER AND REGISTER FILE 
ADVANCED MICRO DEVICES 

CLK IRI IR2 IR3 SL3 SL2 SLl SLO /CE GND 

/OE IRA VR4 VR3 VR2 VRI B A DR VCC 

;VALUE REGISTER AND REGISTER FILE OUTPUTS 


/A ;= /SL1*/SL0-”7VR4 + 

slo-”7a + 

SLI*/SL0^7IR1 

/B := /SL3’'7SL2-7B + 

/SL3’'^ SL2-:7SLI*/IR1 + 

/SL3* SL2- SL1*/IR4 + 

SL3-:7SL2*/SL1^7VR4 + 

SL3*/SL2* SLl’t SLO*/DR + 

SL3*/SL2* SL1^7SL0*/IRI 

/VRI := /CE^7VR1 + 

CE’VIRI 

/VR2 := /CE^7VR2 + 

CE^'^/IR2 

/VR3 := /CE^7VR3 + 

CE*/IR3 

/VR4 := /CE*/VR4 + 

CE*/IR4 
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FUNCTION TABLE 

CLK /OE /CE SL3 

SL2 

SLl 

SLO 

IR4 

IR3 

IR2 

IRl 

DR 

A 

B 

VR4 

VR3 

VR2 

VRl 

;LOAD VR 
C L 

REGISTERS 

L X X 

X 

X 

L 

L 

H 

L 

X 

X 

X 

L 

L 

H 

L 

•HOLD THIS VALUE 

C L H X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

L 

;LOADING 
;A= IRl 

C L 

ALL VALUES 
B=IR4 

H L H 

FOR 

H 

A AND B 

L L 

H 

L 

H 

L 

H 

L 

L 

L 

H 

L 

;A=VR4 

C L 

B=B 

H L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

;A=A 

C L 

B=B 

H L 

L 

X 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

;A=IR1 

C L 

B=B 

H L 

L 

H 

L 

L 

H 

L 

H 

L 

H 

L 

L 

L 

H 

L 

;A=VRA 

C L 

B=IR1 
H L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

L 

;A=A 

C L 

B=IR1 
H L 

H 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

;A=A 

C L 

B=IR4 
H L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

;A=VR4 

C L 

B=VR4 
H H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

;A=A 

C L 

B=VR4 
H H 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

;A=IR1 

C L 

B=IR1 
H H 

L 

H 

L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

L 

;A=A 

C L 

B=DR 

H H 

L 

H 

H 

L 

H 

L 

H 

L 

H 

L 

L 

L 

H 

L 

;A=VR4 

C L 

B=1 

H H 

H 

L 

L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

L 

;A=A 

C L 

B=1 

H H 

H 

X 

H 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

L 

;A=IR1 

C L 

B=1 

H H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

L 


DESCRIPTION 

THE VALUE REGISTER IS NECESSARY FOR DOUBLE-PIPELINING. THIS 
REGISTER, ALONG WITH THE DECREMENT REGISTER, CONTROL ALL OF THE 
ADDRESSING REQUIRED FOR THE REGISTER FILE. THE VALUE REGISTER IS 
IMPLEMENTED USING 3 IDENTICALLY PROGRAMMED AMPAL16R6AS. THE VALUE 
REGISTER GENERATES DATA INFORMATION ON VR<11;0> (WHICH IS SIMPLY 
IR<11:0> DELAYED BY ONE CLOCK CYCLE), AND THE A AND B ADDRESSES FOR 
THE REGISTER FILE ON A ADR<2:0> AND B ADR<2:0>, RESPECTIVELY. THE A 
AND B ADDRESS SELECTION IS CONTROLLED BY THE RFAR SEL<3;0> FROM 
MICROCODE. 
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PAL16R6 PAL DESIGN SPECIFICATION 

PAT022 JENNY YEE 10/4/82 

VALUE REGISTER AND REGISTER FILE 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

L0256 1111 1111 nil nil nil ion loio nn * 

L0288 nil 1110 1111 1111 1111 1111 0111 1111 * 

L0320 1011 1111 1111 1111 1111 0111 1011 1111 * 

L0512 nil 1111 1110 1011 1011 1111 1111 1111 * 

L0544 1011 nil nil 1011 0111 1011 1111 1111 * 

L0576 nil 1111 nil 1011 0111 0111 1111 1110 * 

L0608 1111 1111 1111 0111 1011 1011 1110 1111 * 

L0640 1110 1111 1111 0111 1011 0111 0111 1111 * 

L0672 1011 nil 1111 0111 1011 0111 1011 1111 * 

L0768 nil nil 1111 1110 1111 1111 1111 0111 * 

L0800 1011 1111 1111 1111 1111 1111 1111 1011 * 

L1024 nil 1111 1111 1111 1110 1111 1111 0111 * 

L1056 nil 1011 1111 1111 1111 1111 1111 1011 * 

L1280 nil 1111 1111 1111 1111 1110 1111 0111 * 

L1312 nil 1111 1011 1111 1111 1111 1111 1011 * 

L1536 nil 1111 1111 1111 1111 1111 1110 0111 * 

L1568 nil 1111 1111 1111 1111 1111 1111 1010 * 

C3EE0* 

VOOOl COIOXXXXOOOOLLHLHXI * 

V0002 CXXXXXXXIOOXLLHLXXXI * 

V0003 CIOIOIIOIOOOLLHLLHOI * 

V0004 ClOlOOOOlOOOLLHLLLOl * 

V0005 ClOlOOXllOOOLLHLLLOl * 

V0006 CIOIOOIOIOOOLLHLLHOI * 

V0007 ClOlOlOOlOOOLLHLHLOl * 

V0008 COIOOIOIIOOILLHLLLOI * 

V0009 COlOOllllOOlLLHLHLOl * 

VOOlO COlOlOOOlOOlLLHLLLOl * 

VOOll COIOIOOIIOOILLHLLLOI * 

V0012 CIOIIOIOIOOOLLHLHHOI * 

V0013 ClOllOlllOOOLLHLLHOl * 

V0014 ClOlllOOlOOOLLHLHLOl * 

V0015 ClOlllXllOOOLLHLHLOl * 

V0016 ClOllllOlOOOLLHLHHOl * 

3139 


5-128 





5-129 





PAL16R4 


PAL DESIGN SPECIFICATION 

PAT016 


JEFF KITSON 10/4/82 

DECREMENT REGISTER 

ADVANCED MICRO DEVICES 


CLK D2 D1 DO 

CBR VRll SI SO /OER GND 


/OE RO R1 QO 

Q1 Q2 NC R2 CXV VCC 


;DECREMENT REGISTER OUTPUT SIGNALS 


IF (OER) /R2 

/Q2 


/Q2 

;= /S1’"7S0^7Q2 

-1- 


/SI* S0*/R2 

+ 


Sl*/S0*/D2 

■1 


SI* SO* Q2*/Q1*/Q0 

-1- 


SI* S0*/Q2* QO 

SI* S0*/Q2* Q1 

-1- 

/Q1 

:= /S1*/S0*/Q1 

+ 


/SI* S0*/R1 

-1- 


S1*/S0*/D1 

+ 


SI* SO* Q1*/Q0 

SI* S0*/Q1* QO 

+ 

/QO 

:= /S1*/S0*/Q0 

-t- 


/SI* SO*/RO 

+ 


S1*/S0*/D0 

SI* SO* QO 

-1- 

IF (OER) /R1 

/Q1 


IF (OER) /RO 

= /QO 


/CXV 

= CBR* VRll 

-1- 


/CBR*/VR11 
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FUNCTION TABLE 


CLK /OER /OE SI SO D2 D1 DO CBR VRll R2 R1 RO CXV Q2 Q1 QO 


;LOAD REGISTERS FROM RBUS AND OUTPUT ONTO Q 

C H LLHXXX XX LHL XLHL 
;LOAD REGISTERS FROM DBUS AND OUTPUT ONTO Q 

C HLHLHLH XX ZZZ XHLH 

;HOLD THE VALUE AND OUTPUT ONTO Q 

C HLLLXXX XX ZZZ XHLH 

;DECREMENT VALUE AND OUTPUT ONTO Q 

C HLHHXXX XX ZZZ XHLL 

C HLHHXXX XX ZZZ XLHH 

C HLHHXXX XX ZZZ XLHL 

C HLHHXXX XX ZZZ XLLH 

C HLHHXXX XX ZZZ XLLL 

C HLHHXXX XX ZZZ XHHH 

C HLHHXXX XX ZZZ XHHL 

C HLHHXXX XX ZZZ XHLH 

;OUTPUT THE VALUE ONTO THE RBUS AND NOT ONTO Q 
X LHXXXXX XX HLH XZZZ 

;TEST CONDITIONAL BRANCH POLARITY XOR 

L XXXXXXX LL XXX LXXX 

L XXXXXXX LH XXX HXXX 

L XXXXXXX HL XXX HXXX 

L XXX XXXX HH XXX LXXX 


DESCRIPTION 

THE DECREMENT REGISTER IS IMPLEMENTED USING A SINGLE AMPAL16R4A. 
IT IS LOADED FROM RBUS<2;0> WHEN THE REGISTER IS SELECTED BY 
IMMEDIATE OR REGISTER ADDRESSING MODES, OR FROM DBUS<2:0> WHEN A 
MEMORY ADDRESSING MODE IS USED. LOADING OR DECREMENTING IS 
CONTROLLED BY DR SEL<1:0> VIA MICROCODE. THE DECREMENT REGISTER, 
IN CONJUNCTION WITH THE VALUE REGISTER, PROVIDE ALL OF THE 
ADDRESSING REQUIRED FOR THE REGISTER FILE. SEQUENTIAL ADDRESSING 
OF THE REGITER FILE (FOR LDM AND STM INSTRUCTIONS) IS QUICK AND 
EASY WITH THE DECREMENT REGISTER. IT IS ALSO USED TO PROVIDE AN 
OFFSET TO THE MEMORY ADDRESS WHERE THE DATA IS TO BE STORED INTO 
OR LOADED FROM. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT016 JEFF KITSON 10/4/82 

DECREMENT REGISTER 

ADVANCED MICRO DEVICES 

«D9724 

*F0* 

LOOOO 1111 1111 1111 1111 1111 1111 1111 nil * 

L0032 nil nil nil oni oni nn nn nn * 

L0064 1111 1111 1111 1011 1011 1111 1111 1111 * 

L0256 nil 1111 1111 1111 1111 1111 1111 1011 * 

L0288 nil 1111 1111 1110 1111 1111 1111 1111 * 

L0768 nil 1111 1111 1110 1111 1011 1011 1111 * 

L0800 nil 1110 1111 1111 1111 1011 0111 1111 * 

L0832 1011 nil 1111 1111 1111 0111 1011 1111 * 

L0864 nil 1111 1111 1101 1110 0110 0111 1111 * 

L0896 nil 1111 1111 1110 1111 0101 0111 1111 * 

L0928 nil nil 1111 1110 1101 0111 0111 1111 * 

L1024 1111 1111 1111 1111 1110 1011 1011 1111 * 

L1056 nil 1111 1111 1111 1111 1011 0110 1111 * 

L1088 nil 1011 1111 1111 1111 0111 1011 1111 * 

Lino 1111 1111 1111 1111 1101 0110 0111 1111 * 

Ln52 1111 1111 1111 1111 1110 0101 0111 1111 * 

L1280 1111 1111 1111 1111 1111 1010 1011 1111 » 

L1312 nil 1111 1111 1111 1111 1011 0111 1110 * 

L1344 nil 1111 1011 1111 1111 0111 1011 1111 * 

L1376 nil 1111 1111 1111 1111 0101 0111 1111 * 

L1536 nil nil 1111 1111 1111 1111 1111 1011 * 

L1568 nil 1111 1111 1111 1110 1111 1111 1111 * 

L1792 nil 1111 1111 1111 1111 1111 1111 1011 * 

L1824 nil nil 1111 1111 1111 1110 1111 1111 * 

C5754* 

VOOOl CXXXXXOllOOOlLHLXOXl * 

V0002 CIOIXXIOIOOZZHLHXZXI * 

V0003 CXXXXXOOIOOZZHLHXZXI * 

V0004 CXXXXXlllOOZZLLHXZXl * 

V0005 CXXXXXlllOOZZHHLXZXl * 

V0006 CXXXXXlllOOZZLHLXZXl * 

V0007 CXXXXXlllOOZZHLLXZXl * 

V0008 CXXXXXlllOOZZLLLXZXl * 

V0009 CXXXXXlllOOZZHHHXZXl * 

VOOlO CXXXXXlllOOZZLHHXZXl * 

VOOll CXXXXXlllOOZZHLHXZXl * 

V0012 XXXXXXXXOOIHLZZZXHXI * 

V0013 OXXXOOXXXOXXXXXXXXLl * 

V0014 OXXXOIXXXOXXXXXXXXHI * 

V0015 OXXXIOXXXOXXXXXXXXHI * 

V0016 OXXXllXXXOXXXXXXXXLl * 

7DD3 
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LOGIC DIAGRAM FOR: 

DECREMENT REGISTER USING AmPAL16R4A 


Columns: Inputs (0-31) 
Rows; Product Terms (0-63) 





Fuse intact 


—[x>— = All fuses intact —j— = 


Fuse blown 
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PAL16H8 
PAT012 

RBUS CONSTANT CONTROL A 
ADVANCED MICRO DEVICES 
VR6 VR7 VRIO NC NC NC /OEH /OEL S GND 
NC R9 R8 R7 R6 R5 R4 R1 RO VCC 

;RBUS A OUTPUT SIGNAL ^ 

IF (OEL) RO = VR6*S 

IF (OEL) R1 = VR7*S 

IF (OEH) R4 = VR10*S 

IF (OEH) R5 = VRIO^^S 

IF (OEH) R6 = VRIO^^S 

IF (OEH) R7 = VR10*S 

IF (OEH) R8 = VRIO^S 

IF (OEH) R9 = VRIO^^S 

FUNCTION TABLE 

VR6 VR7 VRIO /OEH /OEL S RO R1 R4 R5 R6 R7 R8 R9 


;SELECT RO AND R1 

XXX H LL LLZZZZZZ 

LLX H LH LLZZZZZZ 

LHX H LH LHZZZZZZ 

HLX H LH HLZZZZZZ 

HHX H LH HHZZZZZZ 

;SELECT R4 TO R9 

XXL L HH ZZLLLLLL 

XXH L HH ZZHHHHHH 

XXX L HL ZZLLLLLL 

;SELECT RO TO R9 

HHH L LH HHHHHHHH 

XXX L LL LLLLLLLL 


DESCRIPTION 

THE RBUS CONTROL PERFORMS SIGN EXTENSION FOR SHORT IMMEDIATE 
SOURCE OPERANDS AND PUTS CONSTANT VALUES ON THE RBUS. THE 
FUNCTION IS CONTROLLED BY THE RBUS SELECT SIGNAL FROM 
MICROCODE. ITS IMPLEMENTATION REQUIRES TWO AMPAL16H8AS. 

RBUS CONTROL A MANIPULATES RBUS<9:4,1:0> USING INPUTS FROM 
THE VALUE REGISTER, VR<10,7,6>. 


PAL DESIGN SPECIFICATION 
JENNY YEE 10/4/82 
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PAL16H8 

PAT012 

RBUS CONSTANT CONTROL A 
ADVANCED MICRO DEVICES 
*D9725 
*FO* 

Loooo nil nil nil nn nn nn 

L0032 1101 1111 1111 1111 1111 1111 

L0256 nil 1111 1111 1111 1111 1111 

L0288 0111 nil 1111 1111 1111 1111 

L0512 nil 1111 1111 1111 1111 1011 

L0544 nil 0111 1111 1111 1111 1111 

L0768 nil 1111 1111 1111 1111 1011 

L0800 nil 0111 1111 1111 1111 1111 

L1024 nil 1111 1111 1111 1111 1011 

L1056 nil 0111 1111 1111 1111 1111 

L1280 nil 1111 1111 1111 1111 1011 

L1312 nil 0111 1111 1111 1111 1111 

L1536 nil 1111 1111 1111 1111 1011 

L1568 nil 0111 1111 1111 1111 1111 

L1792 nil nil 1111 1111 1111 1011 
L1824 nil 0111 1111 1111 1111 1111 
C3E17* 

VOOOl XXXXXXIOOOXZZZZZZLLI * 

V0002 OOXXXXIOIOXZZZZZZLLI * 

V0003 OIXXXXIOIOXZZZZZZHLI * 

V0004 lOXXXXlOlOXZZZZZZLHl * 

V0005 IIXXXXIOIOXZZZZZZHHI * 

V0006 XXOXXXOllOXLLLLLLZZl * 

V0007 XXlXXXOllOXHHHHHHZZl * 

V0008 XXXXXXOIOOXLLLLLLZZI * 

V0009 IIIXXXOOIOXHHHHHHHHI * 

VOOlO XXXXXXOOOOXLLLLLLLLl * 

0C71 


PAL DESIGN SPECIFICATION 
JENNY YEE 10/4/82 


1011 nil * 
nil 0111 * 
1011 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
1111 1111 * 
1111 0111 * 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT013 JENNY YEE lO/A/82 

RBUS CONSTANT CONTROL B 
ADVANCED MICRO DEVICES 

VR8 VR9 VRIO NC NC NC /OEH /OEL S GND 
NC R15 R14 R13 R12 Rll RIO R3 R2 VCC 

;RBUS B OUTPUT SIGNALS 

IF (OEL) R2 = VR8*S 

IF (OEH) R3 = VR9^-S 

IF (OEH) RIO = VRIO*S 

IF (OEH) Rll = VR10*S 

IF (OEH) R12 = VRIO^S 

IF (OEH) R13 = VR10-“-S 

IF (OEH) R14 = VRIO-^^S 

IF (OEH) R15 = VR10-:^S 

FUNCTION TABLE 

VR8 VR9 VRIO /OEH /OEL S R2 R3 RIO Rll R12 R13 R14 R15 


;SELECT R2 ONLY 
XXX H L L 

H X X H L H 

L X X H L H 

;SELECT R3 TO R15 
XXX L H L 

X L L L H H 

X H H L H H 

X H L L H H 

X L H L H H 

; SELECT R2 TO R15 
XXX L L L 


DESCRIPTION 

THE RBUS CONTROL B HANDLES RBUS<15:10,3:2>. ITS INPUTS ARE 
PROVIDED BY VR<10;8>. 


LZZZZ ZZZ 
HZZZZZZZ 
LZZZZZZZ 

ZLLLLLLL 

ZLLLLLLL 

ZHHHHHHH 

ZHLLLLLL 

ZLHHHHHH 

LLLLLLLL 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT013 JENNY YEE 10/4/82 

RBUS CONSTANT CONTROL B 

ADVANCED MICRO DEVICES 

*D9725 

*F0* 

Loooo 1111 1111 nil nil nn nn ion nn * 

L0032 1101 1111 1111 1111 1111 1111 1111 0111 * 

L0256 nil 1111 1111 1111 1111 1011 1111 1111 * 

L0288 0111 nil 1111 1111 1111 1111 1111 0111 * 

L0512 nil 1111 1111 1111 1111 1011 1111 1111 * 

L0544 nil 0111 1111 1111 1111 1111 1111 0111 * 

L0768 nil 1111 1111 1111 1111 1011 1111 1111 * 

L0800 nil 0111 1111 1111 1111 1111 1111 0111 * 

L1024 nil 1111 1111 1111 1111 1011 1111 1111 * 

L1056 nil 0111 1111 1111 1111 1111 1111 0111 * 

L1280 nil 1111 1111 1111 1111 1011 1111 1111 * 

L1312 nil 0111 1111 1111 1111 1111 1111 0111 * 

L1536 nil 1111 1111 1111 1111 1011 1111 1111 * 

L1568 nil 0111 1111 1111 1111 1111 1111 0111 * 

L1792 nil 1111 1111 1111 1111 1011 1111 1111 * 

L1824 nil 0111 nil 1111 1111 1111 1111 0111 * 

C3DF9* 

VOOOl XXXXXXIOOOXZZZZZZZLI * 

V0002 IXXXXXIOIOXZZZZZZZHI * 

V0003 OXXXXXIOIOXZZZZZZZLI * 

V0004 XXXXXXOIOOXLLLLLLLZI * 

V0005 XOOXXXOllOXLLLLLLLZl * 

V0006 XllXXXOllOXHHHHHHHZl * 

V0007 XlOXXXOllOXLLLLLLHZl * 

V0008 XOlXXXOllOXHHHHHHLZl * 

V0009 XXXXXXOOOOXLLLLLLLLl * 

052C 
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LOGIC DIAGRAM FOR: 

RBUS CONSTANT CONTROL B USING AmPAL16H8 


Columns; Inputs (0-31) 
Rows: Product Terms (0-63) 
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PAL16R6 PAL DESIGN SPECIFICATION 

PATOU JENNY YEE 10/4/82 

CBR CONTROL 

ADVANCED MICRO DEVICES 
CLK Z N C V VRIO VR9 VR8 ZN GND 
/OE CV CBR NXORV VF CF NF ZF NC VCC 


;CBR CONTROL OUTPUT SIGNALS 


/ZF 

:= ZN*/Z + 

/ZN^'^/ZF 

/NF 

:= ZN*/N -1- 

/zm/w 

/CF 

:= CV’'^/C + 

/CV^7CF 

/VF 

:= CV*/V + 

/CV’“7VF 

/NXORV 

:= /ZN^/CV-^/NXORV + 

/ZN^"- CV* NF*V -1- 

/ZN* CV*/NF*/V + 
ZN*/CV*/N*/VF -1- 
ZN*/CV* N* VF -1- 
ZN* CV*/N*/V + 

ZN* CV* N* V 

/CBR 

:= /VR10*/VR9*/VR8*/NF 
/VR10*/VR9* VR8*/ZF 
/VRIO* VR9* VR8*/CF 
VR10*/VR9*/VR8*/VF 
VR10*/VR9* VR8*/NX0RV 
VRIO* VR9*/VR8*/NX0RV*/ZF 
VRIO* VR9* VR8*/ZF*/NF 
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FUNCTION TABLE 


CLK /OE ZN CV VRIO VR9 VR8 Z N C V ZF NF CF VF NXORV CBR 


;LOAD Z,N,C,AND V REGISTERS (TEST NXORV) 

CLHHXXX HLHL HLHL L X 

;HOLD Z,N,C,AND V REGISTERS (TEST NXORV) 

CLLLXXX XXXX HLHL L X 

;TEST NXORV UNDER OTHER CONDITIONS 

CLHLXXX LHXX LHHL H X 

CLLHXXX XXLH LHLH L X 

;TESTCBR FOR ALL COMBINATIONS OF VR 
;AUTOMATIC BRANCH—ALWAYS ONE 

CLLLLLL XXXX LHLH L H 

;BRANCH ON ZF 

CLLLLLH XXXX LHLH L L 

; BRANCH ON NF 

CLLLLHL XXXX LHLH L H 

.•BRANCH ON CF 

CLLLLHH XXXX LHLH L L 

; BRANCH ON VF 

CLLLHLL XXXX LHLH L H 

; BRANCH ON NXORV 

CLLLHLH XXXX LHLH L L 

; BRANCH ON NXORV OR ZF 

CLLLHHL XXXX LHLH L L 

;BRANCH ON NF OR ZF 

CLLLHHH XXXX LHLH L H 


DESCRIPTION 

THE CBR CONTROL PAL GENERATES ALL THE CONTROL NECESSARY FOR THE 
EXECUTION OF CONDITIONAL BRANCH INSTRUCTIONS, SIGN EXTENSION FOR 
SHORT IMMEDIATE DESTINATION OPERANDS, AND CONSTANT GENERATION. 

THE IMPLEMENTATION REQUIRES ONE AMPAL16R6A. BRANCH CONDITIONS ARE 
GENERATED FROM THE FOUR CONDITIONS CODES; ZERO(Z), MINUS(N), 
OVERFLOW(V), AND CARRY(C). THE CONDITION BEING TESTED IS SELECTED 
BY VR<10:8>. 
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PAL16R6 PAL DESIGN SPECIFICATION 

PAT014 JENNY YEE 10/4/82 

CBR CONTROL 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

L0256 1011 1111 1111 1111 nil nil nil oni * 

L0288 nil 1110 nil nil nn ini nn ion * 

L0512 1111 1011 1111 1111 1111 nil 1111 0111 * 

L0544 nil 1111 1110 1111 1111 nil 1111 1011 * 

L0768 nil 1111 1011 1111 1111 nil 1111 1101 * 

L0800 1111 1111 1111 1110 1111 1111 1111 1110 * 

L1024 nil 1111 1111 1011 1111 nil 1111 1101 * 

L1056 1111 1111 1111 1111 1110 nil 1111 1110 * 

L1280 1111 1111 1111 1111 1111 1110 1111 1010 * 

L1312 nil 1111 1101 0111 1111 1111 1111 1001 * 

L1344 nil 1111 1110 1011 1111 nil 1111 1001 * 

L1376 1111 1011 1111 1111 1110 1111 1111 0110 * 

L1408 nil 0111 1111 1111 1101 nil 1111 0110 * 

L1440 1111 1011 1111 1011 1111 nil 1111 0101 * 

L1472 1111 0111 1111 0111 1111 nil 1111 0101 * 

L1536 1111 1111 1110 1111 1011 1011 1011 1111 * 

L1568 nil 1110 1111 1111 1011 1011 0111 1111 * 

L1600 nil 1111 1111 1110 1011 0111 0111 nil * 

L1632 1111 1111 1111 1111 0110 1011 1011 1111 * 

L1664 nil 1111 1111 1111 0111 1010 0111 nil * 

L1696 1111 1110 1111 1111 0111 0110 1011 1111 * 

L1728 nil 1110 1110 1111 0111 0111 0111 1111 

C4C20* 

VOOOl CIOIOXXXIOOIXLLHLHXI * 

V0002 CXXXXXXXOOOOXLLHLHXl * 

V0003 COIXXXXXIOOOXHLHHLXI * 

V0004 CXXOIXXXOOOIXLHLHLXI * 

V0005 CXXXXOOOOOOOHLHLHLXl * 

V0006 CXXXXOOIOOOOLLHLHLXI * 

V0007 CXXXXOIOOOOOHLHLHLXI * 

V0008 CXXXXOllOOOOLLHLHLXl * 

V0009 CXXXXIOOOOOOHLHLHLXI * 

VOOlO CXXXXIOIOOOOLLHLHLXI * 

VOOll CXXXXllOOOOOLLHLHLXl * 

V0012 CXXXXlllOOOOHLHLHLXl * 

4800 
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PAL16H8 PAL DESIGN SPECIFICATION 

PATOU JEFF KITSON 10/4/82 

SBUS CONTROL A 

ADVANCED MICRO DEVICES 

VRO VRl VR2 VR4 VR7 VRll CBR SLl SLO GND 

/OE SIO S9 S8 S7 S4 S2 SI SO VCC 

;SBUS A OUTPUT SIGNAL 

IF (OE) SO = /SLU- SLO + 

SL1*/SL0^:- VRO + 

SLl* SLO*/VRO* VR11*/CBR + 

SLl* SL0*/VR0*/VR11* CBR 

IF (OE) SI = SL1*/SL0* VRl + 

SLl* SL0*/VR1* VR11*/CBR + 

SLl* SL0*/VR1*/VR11* CBR 

IF (OE) S2 = SL1*/SL0* VR2 + 

SLl* SL0*/VR2* VR11*/CBR + 

SLl* SL0*/VR2*/VR11* CBR 

IF (OE) S4 = SL1*/SL0* VR4 + 

SLl* SL0*/VR4* VR11*/CBR + 

SLl* SL0*/VR4*/VR11* CBR 

IF (OE) S7 = SL1*/SL0* VR4 + 

SLl* SL0*/VR7* VR11*/CBR + 

SLl* SL0*/VR7*/VR11* CBR 

IF (OE) S8 = SL1*/SL0* VR4 + 

SLl* SL0*/VR7* VR11*/CBR + 

SLl* SL0*/VR7*/VR11* CBR 

IF (OE) S9 = SL1*/SL0* VR4 + 

SLl* SL0*/VR7* VR11*/CBR + 

SLl* SL0*/VR7*/VR11* CBR 

IF (OE) SIO = SL1*/SL0* VR4 + 

SLl* SL0*/VR7* VR11*/CBR + 

SLl* SL0*/VR7*/VR11* CBR 
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FUNCTION TABLE 


VRO VRl 

VR2 

VR4 

VR7 VRll 

CBR 

SLl 

SLO 

/OE SO 

SI 

S2 

S4 

S7 

S8 

S9 

SIO 

;SELECT 

ZEROS 















X X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

; SELECT 

ONES 















X X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

;SELECT 

VRO 

TO 

VR4 














L H 

L 

H 

X 

X 

X 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H L 

H 

L 

X 

X 

X 

H 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

;SELECT 

CBR 

OFFSET 

VR(0- 

7) OR 

ZEROS 










H H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L H 

L 

H 

L 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H L 

H 

L 

H 

H 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L L 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 


DESCRIPTION 

THE IMPLEMENTATION OF THE SBUS CONTROL REQUIRES TWO AMPAL16H8AS. THE 
FUNCTIONS PERFORMED BY THE PALS ARE CONTROLLED BY MICROCODE INPUTS SBUS 
SEL<1:0>. FOR IMMEDIATE DESTINATION OPERANDS, THESE PALS PERFORM SIGN 
EXTENSION. IF A CBR INSTRUCTION IS SELECTED, A SIGN EXTENDED BRANCH 
OFFSET IS DERIVED FROM VR<9:0>. VR<11> AND THE CBR FLAG INITIATE A 

BRANCH WHEN THEY ARE THE SAME POLARITY, AT WHICH TIME THE OFFSET IS 
ADDED TO THE PC. IF THE BRANCH CONDITION IS NOT MET, -1 IS ADDED TO 
THE PC TO RESUME PROPER INSTRUCTION EXECUTION. THE SBUS CONTROL A PAL 
CONTROLS SBUS<10:7,4,2:0>. 
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PAL16H8 







PAL DESIGN SPECIFICATION 

PAT014 







JEFF KITSON 10/4/82 

SBUS CONTROL A 







ADVANCED MICRO DEVICES 





*D9725 








*FO* 

LOOOO 

1111 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L0032 

1111 

nil 

nil 

nil 

nil 

nil 

1011 

0111 * 

L0064 

1101 

nil 

nil 

nil 

nil 

nil 

0111 

1011 * 

L0096 

1110 

nil 

nil 

nil 

0111 

1011 

0111 

0111 * 

L0128 

1110 

nil 

nil 

nil 

1011 

0111 

0111 

0111 * 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L0288 0111 

nil 

nil 

nil 

nil 

nil 

0111 

1011 * 

L0320 

1011 

nil 

nil 

nil 

0111 

1011 

0111 

0111 * 

L0352 

1011 

nil 

nil 

nil 

1011 

0111 

0111 

0111 * 

L0512 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L0544 

nil 

0111 

nil 

nil 

nil 

nil 

0111 

1011 * 

L0576 

nil 

1011 

nil 

nil 

0111 

1011 

0111 

0111 * 

L0608 

nil 

1011 

nil 

nil 

1011 

0111 

0111 

0111 * 

L0768 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L0800 

nil 

nil 

0111 

nil 

nil 

nil 

0111 

1011 * 

L0832 

nil 

nil 

1011 

nil 

0111 

1011 

0111 

0111 * 

L0864 

nil 

nil 

1011 

nil 

1011 

0111 

0111 

0111 * 

L1024 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L1056 

nil 

nil 

0111 

nil 

nil 

nil 

0111 

1011 * 

L1088 

nil 

nil 

nil 

1011 

0111 

1011 

0111 

0111 * 

L1120 

nil 

nil 

nil 

1011 

1011 

0111 

0111 

0111 * 

LI 280 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L1312 

nil 

nil 

0111 

nil 

nil 

nil 

0111 

1011 * 

L1344 

nil 

nil 

nil 

1011 

0111 

1011 

0111 

0111 * 

L1376 

nil 

nil 

nil 

1011 

1011 

0111 

0111 

0111 * 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L1568 

nil 

nil 

0111 

nil 

nil 

nil 

0111 

1011 * 

L1600 

nil 

nil 

nil 

1011 

0111 

1011 

0111 

0111 * 

L1632 

nil 

nil 

nil 

1011 

1011 

0111 

0111 

0111 * 

L1792 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1110 * 

L1824 

nil 

nil 

0111 

nil 

nil 

nil 

0111 

1011 * 

L1856 

nil 

nil 

nil 

1011 

0111 

1011 

0111 

0111 * 

L1888 

nil 

nil 

nil 

1011 

1011 

0111 

0111 

0111 * 

C7A48* 








VOOOl 

XXXXXXXOOOOLLLLLLLLl * 




V0002 XXXXXXXOIOOLLLLLLLHI * 




V0003 

OIOIXXXIOOOHHHHHLHLI * 




V0004 lOlOXXXlOOOLLLLLHLHl * 




V0005 

inilOlllOOLLLLLLLLl * 




V0006 

01010011lOOHHHHLHLHl * 




V0007 

10101101lOOLLLLHLHLl * 




V0008 00000101lOOHHHHHHHHl * 




88F1 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT019 JEFF KITSON 10/4/82 

SBUS CONTROL B 
ADVANCED MICRO DEVICES 

VR3 VR4 VR5 VR6 VR7 VRll CBR SI SO GND 
/OE S15 S14 S13 S12 Sll S6 S5 S3 VCC 

;SBUS CONTROL OUTPUT SIGNAL 


IF (OE) S3 = S1*/S0^- VR3 + 

Sl^”^ S0^7VR3* VRll’VCBR + 
SI* S0*/VR3*/VR11* CBR 

IF (OE) S5 = S1*/S0* VR4 + 

SI* S0*/VR5* VR11*/CBR + 

SI* S0*/VR5*/VR11* CBR 

IF (OE) S6 = S1*/S0* VR4 + 

SI* S0*/VR6* VR11*/CBR + 

SI* S0*/VR6*/VR11* CBR 

IF (OE) Sll = S1*/S0* VR4 + 

SI* S0*/VR7* VR11*/CBR + 

SI* S0*/VR7*/VR11* CBR 

IF (OE) SI2 = S1*/S0* VR4 + 

SI* S0*/VR7* VR11*/CBR + 

SI* S0*/VR7*/VR11* CBR 

IF (OE) S13 = S1*/S0* VR4 + 

SI* S0*/VR7* VR11*/CBR + 

SI* S0*/VR7*/VR11* CBR 

IF (OE) S14 = S1*/S0* VR4 + 

SI* S0*/VR7* VR11*/CBR + 

SI* S0*/VR7*/VR11* CBR 

IF (OE) S15 = S1*/S0* VR4 + 

SI* S0*/VR7* VR11*/CBR + 


SI* S0*/VR7*/VR11* CBR 
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FUNCTION TABLE 

VR3 VR4 VR5 VR6 VR7 VRll CBR SI SO /OE S3 S5 S6 Sll S12 S13 S14 S15 


;SELECT ZEROS 

XXXXXX XLLLLLLL LLLL 

•.SELECT ONES 

XXXXXX XLHLLLLL LLLL 

;SELECT VRO TO VR4 

LHLHXX XHLLLHHH HHHH 

HLHLXX XHLLHLLL LLLL 

;SELECT CBR OFFSET OR ZEROS 

HXHHHH LHHLLLLL LLLL 

LXHLHH LHHLHLHL LLLL 

HXLHLL HHHLLHLH HHHH 

LXLLLL HHHLHHHH HHHH 


DESCRIPTION 

THE IMPLEMENTATION OF THE SBUS CONTROL REQUIRES TWO AMPAL16H8AS. THE 
FUNCTIONS PERFORMED BY THE PALS ARE CONTROLLED BY MICROCODE INPUTS SBUS 
SEL<1:0>. FOR IMMEDIATE DESTINATION OPERANDS, THESE PALS PERFORM SIGN 
EXTENSION. IF A CBR INSTRUCTION IS SELECTED, A SIGN EXTENDED BRANCH 
OFFSET IS DERIVED FROM VR<9:0>. VR<11> AND THE CBR FLAG INITIATE A 

BRANCH WHEN THEY ARE THE SAME POLARITY, AT WHICH TIME THE OFFSET IS 
ADDED TO THE PC. IF THE BRANCH CONDITION IS NOT MET, -1 IS ADDED TO 
THE PC TO RESUME PROPER INSTRUCTION EXECUTION. THE SBUS CONTROL B PAL 
CONTROLS SBUS<15;11,6:5,3>. 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT019 JEFF KITSON 10/4/82 

SBUS CONTROL B 

ADVANCED MICRO DEVICES 

*D9725 

*F0* 

Loooo 1111 1111 nil nil nn nn nn iiio * 

L0032 1101 1111 1111 1111 1111 1111 0111 1011 * 

L0064 1110 1111 1111 1111 0111 1011 0111 0111 * 

L0096 1110 nil 1111 1111 1011 0111 0111 0111 * 

L0256 nil 1111 1111 1111 1111 1111 1111 1110 * 

L0288 0111 nil 1111 1111 1111 1111 0111 1011 * 

L0320 nil 1011 1111 1111 0111 1011 0111 0111 * 

L0352 nil 1011 1111 1111 1011 0111 0111 0111 * 

L0512 nil 1111 1111 1111 1111 1111 1111 1110 * 

L0544 0111 nil 1111 1111 1111 1111 0111 1011 * 

L0576 nil nil 1011 1111 0111 1011 0111 0111 * 

L0608 1111 1111 1011 1111 1011 0111 0111 0111 * 

L0768 nil nil 1111 1111 1111 1111 1111 1110 * 

L0800 0111 1111 1111 1111 1111 1111 0111 1011 * 

L0832 nil 1111 1111 1011 0111 1011 0111 0111 * 

L0864 nil 1111 1111 1011 1011 0111 0111 0111 * 

L1024 nil 1111 1111 1111 1111 1111 1111 1110 * 

L1056 0111 nil 1111 1111 1111 1111 0111 1011 * 

L1088 nil 1111 1111 1011 0111 1011 0111 0111 * 

Lino 1111 1111 1111 1011 1011 0111 0111 0111 * 

L1280 1111 nil nil 1111 1111 1111 1111 1110 * 

L1312 0111 1111 1111 1111 1111 1111 0111 1011 * 

L1344 1111 1111 1111 1011 0111 1011 0111 0111 * 

L1376 nil 1111 1111 1011 1011 0111 0111 0111 * 

L1536 nil 1111 1111 1111 1111 1111 1111 1110 * 

L1568 0111 nil nil 1111 1111 1111 0111 1011 * 

L1600 1111 1111 1111 1011 0111 1011 0111 0111 * 

L1632 nil 1111 1111 1011 1011 0111 0111 0111 * 

L1792 nil 1111 1111 1111 1111 1111 1111 1110 * 

L1824 0111 nil nil 1111 1111 1111 0111 1011 * 

L1856 nil 1111 1111 1011 0111 1011 0111 0111 * 

L1888 nil 1111 1111 1011 1011 0111 0111 0111 

C7631* 

VOOOl XXXXXXXOOOOLLLLLLLLl * 

V0002 XXXXXXXOIOOLLLLLLLLI * 

V0003 OIOIXXXIOOOHHHHHHHLI * 

V0004 lOlOXXXlOOOLLLLLLLHl * 

V0005 IXllllOllOOLLLLLLLLl * 

V0006 OXlOllOllOOLLLLLHLHl * 

V0007 1X01001llOOHHHHHLHLl * 

V0008 0X000011lOOHHHHHHHHl * 

80F0 
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LOGIC DIAGRAM FOR: 

SBUS CONTROL B USING AmPAL16H8 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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-^j<— = Fuse intact — (x)— = All fuses intact —|— = Fuse I 
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PAL16R4 



PAL DESIGN 

SPECIFICATION 

PAT020 



JENNY YEE 

10/4/82 

PROGRAM COUNTER A 




ADVANCED 

MICRO DEVICES 



CLK Y3 

Y2 Y1 

YO Cl SI SO /OEA GND 



/OER AO 

A1 RO 

R1 R2 R3 A2 A3 VCC 


•.PROGRAM 

COUNTER 

A OUTPUT 



IF (OEA) 

/A3 

= /S1’VR3 

+ 




SI 



IF (OEA) 

/A2 

= /Sl-»/R2 

+ 




SI 




/R3 

:= /SO“7Sl-"7Y3 

+ 




SO-“7Sl* R3^:- R2* Rl’” 

RO* Cl -I- 




S0”7S1*/R3*/CI 

+ 




S0^7S1*/R3*/R2 

+ 




S0^'7S1-:7R3*/R1 

+ 




S0-:7S1*/R3*/R0 

■f 




Sl-»/R3 




/R2 

:= /SO-=7Sl-"7Y2 





SO*/Sl-"- R2’”^ Rl’'^ RO^'- 

Cl -f 




S0^7Sl*/R2-»/CI 

+ 




S0*/S1*/R2*/R1 

+ 




S0^7S1*/R2*/R0 

-I- 




S1-“7R2 




/R1 

:= /S0*/S1-“7Y1 

-I- 




SO*/Sl* Rr=^ RO* Cl 

+ 




S0*/S1*/R1*/CI 

-I- 




S0*/S1*/R1*/R0 

+ 




S1*/R1 




/RO 

:= /SO*/Sl*/YO 

-i- 




SO*/Sl* R(T^ Cl 

+ 




SO*/Sl*/RO*/CI 

-f 




Sl*/RO 



IF (OEA) 

/A1 

= /S1*/R1 

-I- 




SI 



IF (OEA) 

/AO 

= /Sl*/RO 

+ 




SI 
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FUNCTION TABLE 


CLK /OEA /OER SI SO Y3 Y2 Y1 YO Cl A3 A2 A1 AO R3 R2 R1 RO 


;LOAD REGISTERS FROM YBUS AND OTPUT ONTO RBUS 
CH L LLLHLHX ZZZZLHLH 

;INCREMENT REGISTERS REG=REG+CI 

CH L LHXXXXL ZZZZLHLH 

CH L LHXXXXH ZZZZLHHL 

CH L LHXXXXH ZZZZLHHH 

CH L LHXXXXH ZZZZHLLL 

CH L LHXXXXH ZZZZHLLH 

CH L LHXXXXH ZZZZHLHL 

CH L LHXXXXH ZZZZHLHH 

CH L LHXXXXH ZZZZHHLL 

CH L LHXXXXH ZZZZHHLH 

CH L LHXXXXH ZZZZHHHL 

CH L LHXXXXH ZZZZHHHH 

CH L LHXXXXH ZZZZLLLL 

C H L LHXXXXH ZZZZLLLH 

CH L LHXXXXH ZZZZLLHL 

CH L LHXXXXH ZZZZLLHH 

CH L LHXXXXH ZZZZLHLL 

CH L LHXXXXH ZZZZLHLH 

;HOLD VALUE IN REGISTERS AND OUTPUT ONTO RBUS 
CH L HXXXXXX ZZZZLHLH 

;OUTPUT THE CURRENT VALUE ONTO THE ABUS AND NOT ONTO THE RBUS 
XL H LXXXXXX LHLHZZZZ 

;OUTPUT ZEROS ONTO THE ABUS 

XL H HXXXXXX LLLLZZZZ 


DESCRIPTION 

THE PROGRAM COUNTER EXAMPLE USED HERE SHOWS HOW PALS CAN BE USED 
IN THE DESIGN TO IMPLEMENT DATA STEERING. THE PC IS IMPLEMENTED 
AS AN INCREMENTING REGISTER THAT CAN BE PARALLEL LOADED FROM THE 
YBUS. THE PC IS USED TO SOURCE THE ABUS WITH MEMORY ADDRESSES 
FOR INSTRUCTIONS, AND ALSO SOURCES THE RBUS FOR RELATIVE BRANCH 
CALCULATIONS. PROGRAM COUNTER A GENERATES ZEROS IN THE 12 MOST 
SIGNIFICANT BITS FOR TRAPS AND INTERRUPTS AS WELL. THESE 3 
IDENTICALLY PROGRAMMED AMPAL16R4AS, CALLED PROGRAM COUNTER A, 
ARE THE 3 MOST SIGNIFICANT SLICES OF THE 4-SLICE PROGRAM COUNTER. 
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PAL16R4 PAL DESIGN 

PAT020 JENNY YEE 

PROGRAM COUNTER A 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 


LOOOO 

1111 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L0032 

nil 

nil 

1110 

nil 

nil 

1011 

nil 

nil 

* 

L0064 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L0288 

nil 

nil 

nil 

1110 

nil 

1011 

nil 

nil 

* 

L0320 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

nil 

* 

L0512 

1011 

nil 

nil 

nil 

nil 

1011 

1011 

nil 

* 

L0544 

nil 

nil 

1101 

1101 

0101 

1001 

0111 

nil 

* 

L0576 

nil 

nil 

1110 

nil 

1011 

1011 

0111 

nil 

* 

L0608 

nil 

nil 

1110 

1110 

nil 

1011 

0111 

nil 

* 

L0640 

nil 

nil 

1110 

nil 

1110 

1011 

0111 

nil 

* 

L0672 

nil 

nil 

1110 

nil 

nil 

1010 

0111 

nil 

* 

L0704 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

nil 

* 

L0768 

nil 

1011 

nil 

nil 

nil 

1011 

1011 

nil 

* 

L0800 

nil 

nil 

nil 

1101 

0101 

1001 

0111 

nil 

* 

L0832 

nil 

nil 

nil 

1110 

1011 

1011 

0111 

nil 

* 

L0864 

nil 

nil 

nil 

1110 

1110 

1011 

0111 

nil 

* 

L0896 

nil 

nil 

nil 

1110 

nil 

1010 

0111 

nil 

* 

L0928 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

nil 

* 

L1024 

nil 

nil 

1011 

nil 

nil 

1011 

1011 

nil 

* 

L1056 

nil 

nil 

nil 

nil 

0101 

1001 

0111 

nil 

* 

L1088 

nil 

nil 

nil 

nil 

1010 

1011 

0111 

nil 

* 

L1120 

nil 

nil 

nil 

nil 

1110 

1010 

0111 

nil 

* 

L1152 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

nil 

* 

L1280 

nil 

nil 

nil 

1011 

nil 

1011 

1011 

nil 

* 

L1312 

nil 

nil 

nil 

nil 

0111 

1001 

0111 

nil 

* 

L1344 

nil 

nil 

nil 

nil 

1011 

1010 

0111 

nil 

* 

L1376 

nil 

nil 

nil 

nil 

nil 

0110 

nil 

nil 

* 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L1568 

nil 

nil 

nil 

nil 

1110 

1011 

nil 

nil 

* 

L1600 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

nil 

* 

L1792 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L1824 

nil 

nil 

nil 

nil 

nil 

1010 

nil 

nil 

# 

L1856 

nil 

nil 

nil 

nil 

nil 

0111 

nil 

nil 

* 


C7B62* 

VOOOl COIOIXOOIOOZZHLHLZZI * 
V0002 CXXXXOOllOOZZHLHLZZl * 
V0003 CXXXXlOllOOZZLHHLZZl * 
V0004 CXXXXlOllOOZZHHHLZZl * 
V0005 CXXXXlOllOOZZLLLHZZl * 
V0006 CXXXXlOllOOZZHLLHZZl * 
V0007 CXXXXlOllOOZZLHLHZZl * 
V0008 CXXXXlOllOOZZHHLHZZl * 
V0009 CXXXXlOllOOZZLLHHZZl * 
VOOlO CXXXXlOllOOZZHLHHZZl * 
VOOll CXXXXlOllOOZZLHHHZZl * 
V0012 CXXXXlOllOOZZHHHHZZl * 
V0013 CXXXXlOllOOZZLLLLZZl * 
V0014 CXXXXlOllOOZZHLLLZZl * 
V0015 CXXXXlOllOOZZLHLLZZl * 
V0016 CXXXXlOllOOZZHHLLZZl * 
V0017 CXXXXlOllOOZZLLHLZZl * 
V0018 CXXXXlOllOOZZHLHLZZl * 
V0019 CXXXXXIXIOOZZHLHLZZI * 
V0020 XXXXXXOXOOIHLZZZZHLI * 
V0021 XXXXXXIXOOILLZZZZLLI * 
F390 


SPECIFICATION 

10/4/82 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT021 JEFF KITSON 10/4/82 

PROGRAM COUNTER B 
ADVANCED MICRO DEVICES 
CLK Y3 Y2 Y1 YO Cl SI SO /OEA GND 

/OER AO A1 RO R1 R2 R3 A2 A3 VCC 

; PROGRAM COUNTER B OUTPUT SIGNALS 


IF (OEA) /A3 = /Sl*/R3 + 

SI 

IF (OEA) /A2 = /S1^:7R2 + 

Sl’VSO 

/R3 := /S0^7S1*/Y3 + 

S0’“-/S1* R3* R2-^ Rl* R0-“- Cl + 

S0*/S1-:7R3’':VCI + 

S0-“-/S1-VR3*/R2 + 

S0-:7Sl*/R3-”-/Rl + 

S0^7SP7R3-VR0 + 

S1«7R3 

/R2 := /S0-^/Sl-”7Y2 + 

S0-"7Sl-“- R2* Rl* RO-"- Cl + 

S0---/S1*/R2-:7CI + 

so-"-/si-:7R2-!7ri + 

S0*/S1’VR2-VR0 + 

S1-VR2 

/R1 ;= /S0^-/S1*/Y1 + 

S0-:7S1-"- Rl-"- RO* Cl + 

S0*/S1*/R1*/CI + 

S0*/S1*/R1*/R0 + 

S1*/R1 

/RO := /S0-:7S1*/Y0 + 

S0*/S1* RO--- Cl + 

SO*/Sl-*/RO-*/CI + 

S1*/R0 

IF (OEA) /A1 = /Rl-*/Sl 

IF (OEA) /AO = /S1*/R0 + 

SI 
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FUNCTION TABLE 

CLK /OEA /OER SI SO Y3 Y2 Y1 YO Cl A3 A2 A1 AO R3 R2 R1 RO 


;LOAD REGISTERS FROM YBUS AND OUTPUT ONTO RBUS 

CH L LLLHLHX ZZZZLHLH 

.•INCREMENT REGISTERS REG=REG + Cl 

CH L LHXXXXL ZZZZLHLH 

CH L LHXXXXH ZZZZLHHL 

CH L LHXXXXH ZZZZLHHH 

CH L LHXXXXH ZZZZHLLL 

CH L LHXXXXH ZZZZHLLH 

CH L LHXXXXH ZZZZHLHL 

CH L LHXXXXH ZZZZHLHH 

CH L LHXXXXH ZZZZHHLL 

CH L LHXXXXH ZZZZHHLH 

CH L LHXXXXH ZZZZHHHL 

CH L LHXXXXH ZZZZHHHH 

CH L LHXXXXH ZZZZLLLL 

CH L LHXXXXH ZZZZLLLH 

CH L LHXXXXH ZZZZLLHL 

CH L LHXXXXH ZZZZLLHH 

CH L LH XXXXH ZZZZLHLL 

CH L LHXXXXH ZZZZLHLH 

;HOLD VALUE IN REGISTERS AND OTPUT ONTO RBUS 

CH L HXXXXXX ZZZZLHLH 

;OUTPUT THE CURRENT VALUE ONTO THE ABUS AND NOT ONTO THE RBUS 

XL H LXXXXXX LHLHZZZZ 

; OUTPUT TWO ONTO THE ABUS 

XL H HLXXXXX LLHLZZZZ 

;OUTPUT SIX ONTO THE ABUS 

XL H HHXXXXX LHHLZZZZ 


DESCRIPTION 

PROGRAM COUNTER B IS THE LEAST SIGNIFICANT SLICE OF THE PROGRAM 
COUNTER. THIS SLICE OF THE PROGRAM COUNTER IS FUNCTIONALLY THE 
SAME AS PROGRAM COUNTER A. THE CONSTANTS TWO AND SIX ARE GENERATED 
FOR TRAPS AND INTERRUPTS. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PAT021 JEFF KITSON 10/4/82 

PROGRAM COUNTER B 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

Loooo nil nil nn nn nn nn nn ion * 

L0032 1111 1111 1110 1111 1111 1011 1111 1111 * 

L0064 1111 1111 1111 1111 1111 0111 1111 1111 * 

L0256 nil nil 1111 1111 1111 1111 1111 1011 * 

L0288 nil 1111 1111 1110 1111 1011 1111 1111 * 

L0320 nil 1111 1111 1111 1111 0111 1011 1111 * 

L0512 1011 nil 1111 1111 1111 1011 1011 1111 * 

L0544 nil 1111 1101 1101 0101 1001 0111 1111 * 

L0576 nil 1111 1110 1111 1011 1011 0111 1111 * 

L0608 nil 1111 1110 1110 1111 1011 0111 1111 * 

L0640 1111 1111 1110 1111 1110 1011 0111 1111 * 

L0672 nil nil 1110 1111 1111 1010 0111 1111 * 

L0704 1111 1111 1110 1111 1111 0111 1111 1111 * 

L0768 nil 1011 nil 1111 1111 1011 1011 1111 * 

L0800 1111 1111 1111 1101 0101 1001 0111 1111 * 

L0832 nil 1111 1111 1110 1011 1011 0111 1111 * 

L0864 nil 1111 1111 1110 1110 1011 0111 1111 * 

L0896 nil nil 1111 1110 1111 1010 0111 1111 * 

L0928 nil 1111 1111 1110 1111 0111 1111 1111 * 

L1024 nil 1111 1011 1111 1111 1011 1011 1111 * 

L1056 nil 1111 1111 1111 0101 1001 0111 1111 * 

L1088 1111 1111 1111 1111 1010 1011 0111 nil * 

Ln20 1111 1111 1111 1111 1110 1010 0111 1111 * 

Ln52 1111 1111 1111 1111 1110 0111 1111 1111 * 

L1280 1111 1111 1111 1011 1111 1011 1011 1111 * 

L1312 1111 1111 1111 1111 0111 1001 0111 1111 * 

L1344 nil nil 1111 1111 1011 1010 0111 1111 * 

L1376 nil 1111 1111 1111 1111 0110 1111 1111 * 

L1536 nil 1111 1111 1111 1111 1111 1111 1011 * 

L1568 nil 1111 1111 1111 1110 1011 1111 1111 *■ 

L1792 nil nil 1111 1111 1111 1111 1111 1011 * 

L1824 nil 1111 1111 1111 1111 1010 1111 1111 * 

L1856 nil 1111 1111 1111 1111 0111 1111 1111 * 

C7774* 

VOOOl COIOIXOOIOOZZHLHLZZI * 

V0002 CXXXXOOllOOZZHLHLZZl * 

V0003 CXXXXlOllOOZZLHHLZZl * 

V0004 CXXXXlOllOOZZHHHLZZl * 

V0005 CXXXXlOllOOZZLLLHZZl * 

V0006 CXXXXlOllOOZZHLLHZZl * 

V0007 CXXXXlOllOOZZLHLHZZl * 

V0008 CXXXXlOllOOZZHHLHZZl * 

V0009 CXXXXlOllOOZZLLHHZZl * 

VOOlO CXXXXlOllOOZZHLHHZZl * 

VOOll CXXXXlOllOOZZLHHHZZl * 

V0012 CXXXXlOllOOZZHHHHZZl * 

V0013 CXXXXlOllOOZZLLLLZZl * 

V0014 CXXXXlOllOOZZHLLLZZl * 

V0015 CXXXXlOllOOZZLHLLZZl * 

V0016 CXXXXlOllOOZZHHLLZZl * 

V0017 CXXXXlOllOOZZLLHLZZl * 

V0018 CXXXXlOllOOZZHLHLZZl * 

V0019 CXXXXXIXIOOZZHLHLZZI * 

V0020 XXXXXXOXOOIHLZZZZHLI * 

V0021 XXXXXXIOOOILHZZZZLLI * 

V0022 XXXXXXllOOlLHZZZZHLl * 

F275 
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LOGIC DIAGRAM FOR: 

PROGRAM COUNTER B USING AmPAL16R4A 


Columns; Inputs (0-31) 
Rows: Product Terms (0-63) 



-5|(- = Fuse intact —[x>— = All fuses intact —|— = Fuse blown 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT015 JEFF KITSON 10/4/82 

PC CARRY GENERATOR 

ADVANCED MICRO DEVICES 

AO A1 A2 A3 A4 A5 A6 A7 A8 GND 

A9 COl C02 C03 AlO All SLl Cl NC VCC 

; PC CARRY GENERATOR OUTPUT SIGNALS 

C03 = SLl’-^CI + 

/SL1*CI*A0*A1*A2*A3*A4*A5--A6’“-A7“^A8’“-A9*A10*A11 

C02 = SLl^^CI + 

/SLl^^CI*A0*Al*A2^:-A3-“-A4*A5’'^A6’'^A7 

COl = SLl^CI + 

/SLr-CI*A0---Al-:^A2*A3 

FUNCTION TABLE 

AO A1 A2 A3 A4 A5 A6 A7 A8 A9 AlO All Cl SLl COl C02 C03 


XXXXXXXXXXXX HH H HH 

HHHHHHHHHHHH HL H HH 

HHHHHHHHLLLL HL H HL 

HHHHLLLLHHHH HL H LL 

LLLLHHH HHHHH HL L LL 


DESCRIPTION 

THE 4-BIT OUTPUTS FROM THE 3 LEAST SIGNIFICANT SLICES OF THE 4- 
SLICE PC ARE USED TO CREATE A 12-BIT INPUT TO THE PC CARRY 
GENERATOR. THE PC CARRY GENERATOR TAKES THESE INPUTS AND 
GENERATES THE CARRY-IN FOR THE 3 MOST SIGNIFICANT SLICES OF THE 
PROGRAM COUNTER. THE PC CARRY GENERATOR IS CONTROLLED BY THE 
PC SELECT INPUT FROM MICROCODE. 
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PAL16H8 PAL DESIGN SPECIFICATION 

PAT015 JEFF KITSON lO/A/82 

PC CARRY GENERATOR 

ADVANCED MICRO DEVICES 

*D9725 

*FO* 

L 1280 nil nil nil nn nn nn nn nn * 

L1312 1111 1101 1101 1111 1111 1111 1111 nil * 

L1344 0101 0101 0110 0101 0101 0111 0111 0101 * 

L1536 nil 1111 1111 1111 1111 1111 1111 1111 * 

L1568 nil 1101 1101 1111 1111 1111 1111 1111 * 

L1600 0101 0101 0110 0111 0111 0111 0111 1111 * 

L1792 nil nil 1111 1111 1111 1111 1111 1111 * 

L1824 nil 1101 1101 1111 1111 1111 1111 1111 * 

L1856 0101 0101 0110 1111 1111 1111 1111 1111 * 

C2nE* 

VOOOl XXXXXXXXXOXHHHXXllXl * 

V0002 nniiinoiHHHiioixi * 

V0003 nnnnoooHHLoooixi * 

V0004 IIIIOOOOIOIHLLIIOIXI * 

V0005 OOOOninOlLLLllOlXl * 

A5CF 
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LOGIC DIAGRAM FOR: 

PC CARRY GENERATOR USING AmPAL16H8 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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-ij«— = Fuse intact —= All fuses intact —[— = Fuse blown 
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PAL16R4 

PATOlO 

MEMORY ADDRESS REGISTER 
ADVANCED MICRO DEVICES 
CLK Y3 Y2 Y1 YO SI SO A3 /BI GND 

/OE /BO AO BO Bl B2 B3 A1 A2 VCC 

;MAR OUTPUT SIGNALS 

/B3 := /S1-:7S0*/B3 

/Sl-'-^ SOVY3 
S1-»/S0-“7A3 

SI- SO* B3*/B2*/Bl*/BO*BI 
Sl* SO*/B3* B2 

SI* SO*/B3* Bl 

SI* SO*/B3* BO 

SI* SO*/B3*/BI 

/B2 := /Sl*/SO*/B2 

/SI* SO*/Y2 
Sl*/SO*/A2 

SI* SO* B2*/Bl*/BO*BI 
SI* SO*/B2* BI 

SI* SO*/B2* BO 

SI* SO*/B2*/BI 

/Bl ;= /Sl*/SO*/Bl 

/SI* SO*/Yl 
Sl*/SO*/Al 
SI* SO* Bl*/BO*BI 
SI* SO*/Bl* BO 
SI* SO*/Bl*/BI 

/BO := /Sl*/SO*/BO 

/SI* SO*/YO 
SI*/SO*/AO 
SI* SO* BO* BI 
SI* SO*/BO*/BI 


PAL DESIGN SPECIFICATION 
JENNY YEE 10/4/82 


;HOLD 

;LOAD YBUS INTO MAR 
;LOAD ABUS INTO MAR 
;DECREMENT 


= /B3*/B2*/B1*/B0*BI 
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FUNCTION TABLE 


CLK /OE SI SO Y3 Y2 Y1 YO A3 A2 A1 AO /BI /BO B3 B2 B1 BO 


;LOAD REGISTERS FROM YBUS AND OUTPUT ONTO B 

C LLHLHLHXXXXX XLHLH 

;LOAD REGISTERS FROM ABUS AND OUTPUT ONTO B 

C LHLXXXXHLHLX XHLHL 

;HOLD THIS VALUE AND OUTPUT ONTO B 

C LLLXXXXXXXXX XHLHL 

;DECREMENT REGISTERS WHERE R= R - BI 

C LHHXXXXXXXXH HHLHL 

C LHHXXXXXXXXL HHLLH 

C LHHXXXXXXXXL HHLLL 

C LHHXXXXXXXXL HLHHH 

C LHHXXXXXXXXL HLHHL 

C LHHXXXXXXXXL HLHLH 

C LHHXXXXXXXXL HLHLL 

C LHHXXXXXXXXL HLLHH 

C LHHXXXXXXXXL HLLHL 

C LHHXXXXXXXXL HLLLH 

C LHHXXXXXXXXL LLLLL 

C LHHXXXXXXXXL HHHHH 

C LHHXXXXXXXXL HHHHL 

C LHHXXXXXXXXL HHHLH 

C LHHXXXXXXXXL HHHLL 

C LHHXXXXXXXXL HHLHH 

C LHHXXXXX XXXL HHLHL 


DESCRIPTION 

THE MEMORY ADDRESS REGISTER (MAR) IS USED FOR PLACING ADDRESSES ON 
THE MEMORY ADDRESS BUS WHEN FETCHING OPERANDS FROM MEMORY FOR 
SOURCE AND DESTINATION. IT IS ALSO USED TO HOLD THE MEMORY 
DESTINATION ADDRESS FOR STORING RESULTS FROM AN OPERATION. THE MAR 
HAS THE CAPABILITY TO DECREMENT TO SUPPORT THE SPECIAL LOAD MEMORY 
AND STORE MEMORY INSTRUCTIONS. THESE MAR OPERATIONS ARE CONTROLLED 
BY MAR SEL<1;0>. THE MAR IS IMPLEMENTED USING FOUR AMPAL16R4AS. 
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PAL16R4 PAL DESIGN SPECIFICATION 

PATOlO JENNY YEE 10/4/82 

MEMORY ADDRESS REGISTER 

ADVANCED MICRO DEVICES 

*D9724 

*F0* 

L0512 1111 nil 1110 nil 1011 1011 nii nn * 

L0544 1011 nil 1111 1111 1011 0111 1111 1111 * 

L0576 nil 1111 1111 1111 0111 1011 1011 1111 * 

L0608 nil 1111 1101 1110 0110 0110 1111 1011 * 

L0640 nil 1111 1110 1101 0111 0111 nil nn * 

L0672 1111 1111 1110 1111 0101 0111 1111 1111 * 

L0704 1111 1111 1110 1111 0111 0101 nil 1111 * 

L0736 1111 1111 1110 1111 0111 0111 1111 0111 * 

L0768 nil 1111 1111 1110 1011 1011 1111 1111 * 

L0800 1111 1011 1111 1111 1011 0111 1111 1111 * 

L0832 1110 1111 1111 1111 0111 1011 1111 1111 * 

L0864 nil 1111 1111 1101 0110 0110 1111 1011 * 

L0896 nil nil 1111 1110 0101 0111 1111 1111 * 

L0928 nil 1111 1111 1110 0111 0101 1111 1111 * 

L0960 nil 1111 1111 1110 0111 0111 1111 0111 * 

L1024 1111 1111 1111 1111 1010 1011 1111 1111 * 

L1056 nil 1111 1011 1111 1011 0111 1111 1111 * 

L1088 nil 1110 1111 1111 0111 1011 1111 1111 * 

11120 1111 1111 1111 1111 0101 0110 1111 1011 * 

11152 nil 1111 1111 1111 0110 0101 1111 1111 * 

11184 1111 1111 1111 1111 0110 0111 1111 0111 * 

L1280 nil 1111 1111 1111 1011 1010 1111 nil * 

L1312 1111 1111 1111 1011 1011 0111 1111 1111 * 

L1344 nil 1111 1111 1111 0111 1011 1110 1111 * 

L1376 nil nil 1111 1111 0111 0101 1111 1011 * 

L1408 1111 1111 1111 1111 0111 0110 1111 0111 * 

L1792 nil nil 1111 1111 1111 1111 1111 1111 * 

L1824 nil 1111 1110 1110 1110 1110 1111 1011 * 

C63A8* 

VOOOl COIOIOIXXOOXXHLHLXXI * 

V0002 CXXXXIOIXOOXOLHLHIOI * 

V0003 CXXXXOOXXOOXXLHLHXXl * 

V0004 CXXXXllXlOOHXLHLHXXl * 

V0005 CXXXXllXOOOHXHLLHXXl * 

V0006 CXXXXllXOOOHXLLLHXXl * 

V0007 CXXXXllXOOOHXHHHLXXl * 

V0008 CXXXXllXOOOHXLHHLXXl * 

V0009 CXXXXllXOOOHXHLHLXXl * 

VOOlO CXXXXllXOOOHXLLHLXXl * 

VOOll CXXXXllXOOOHXHHLLXXl * 

V0012 CXXXXllXOOOHXLHLLXXl * 

V0013 CXXXXllXOOOHXHLLLXXl * 

V0014 CXXXXllXOOOLXLLLLXXl * 

V0015 CXXXXllXOOOHXHHHHXXl * 

V0016 CXXXXllXOOOHXLHHHXXl * 

V0017 CXXXXllXOOOHXHLHHXXl * 

V0018 CXXXXllXOOOHXLLHHXXl * 

V0019 CXXXXllXOOOHXHHLHXXl * 

V0020 CXXXXllXOOOHXLHLHXXl * 

B9E4 
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LOGIC DIAGRAM FOR: 
MAR USING AmPAL16R4A 


Columns: Inputs (0-31) 
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PAL16R4 PAL DESIGN SPECIFICATION 

PATOU JENNY YEE 10/4/82 

MEMORY DATA REGISTER (1) 

ADVANCED MICRO DEVICES 

CLK Y3 Y2 Y1 YO NC /CE S /OED GND 
/OER /DO /D1 /RO /R1 /R2 /R3 /D2 /D3 VCC 

;MDR OUTPUT SIGNALS 

IF (OED) D3 = R3 

IF (OED) D2 = R2 

R3 := /CE-K-R3 + ;HOLD 

CE’^ S* D3 + ;LOAD FROM DBUS 

CE-“7S-“7Y3 ;LOAD FROM YBUS 

R2 := /CE-R2 + 

CE* S* D2 + 

CE*/S-"7Y2 

R1 := /CE*R1 + 

CE* S* D1 + 

CE*/S*/Y1 

RO := /CE*RO + 

CE* S* DO + 

CE*/S*/YO 

IF (OED) D1 = R1 

IF (OED) DO = RO 
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FUNCTION TABLE 


CLK OED OER S Y3 Y2 Y1 YO /CE /D3 /D2 /D1 /DO /R3 /R2 /R1 /RO 


;LOAD REGISTERS FROM YBUS AND OUTPUT ONTO RBUS 

C LHLLHLHL ZZZZ LHLH 

;LOAD REGISTERS FROM DBUS AND OUTPUT ONTO RBUS 

C LHHXXXXL HLHL HLHL 

•HOLD VALUE AND OUTPUT ONTO RBUS 

C LHXXXXXH ZZZZ HLHL 

;OUTPUT VALUE ONTO DBUS AND NOT ONTO RBUS 

C HHXXXXXH HLHL HLHL 


DESCRIPTION 

THE MEMORY DATA REGISTER 1 (MDRl) IS AN I/O REGISTER WITH MULTIPLE 
INPUT AND OUTPUT PATHS TO FACILITATE READING AND WRITING DATA 
FROM MEMORY. IT MAY BE LOADED FROM EITHER THE YBUS (WRITE) OR 
DBUS (READ) AND OUTPUT ON THE RBUS (READ) OR DBUS (WRITE). IT IS 
IMPLEMENTED USING FOUR AMPAL16R4AS AND CONTROLLED FROM MICROCODE. 
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PAL16R4 PAL DESIGN 

PATOU JENNY YEE 

MEMORY DATA REGISTER (1) 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 


LOOOO 

1111 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L0032 

nil 

nil 

1110 

nil 

nil 

nil 

nil 

nil 

* 

L0256 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L0288 

nil 

nil 

nil 

1110 

nil 

nil 

nil 

nil 

* 

L0512 

nil 

nil 

1110 

nil 

nil 

0111 

nil 

nil 

* 

L0544 

1110 

nil 

nil 

nil 

nil 

1011 

0111 

nil 


L0576 

1011 

nil 

nil 

nil 

nil 

1011 

1011 

nil 

* 

L0768 

nil 

nil 

nil 

1110 

nil 

0111 

nil 

nil 

* 

L0800 

nil 

1110 

nil 

nil 

nil 

1011 

0111 

nil 

* 

L0832 

nil 

1011 

nil 

nil 

nil 

1011 

1011 

nil 

* 

L1024 

nil 

nil 

nil 

nil 

1110 

0111 

nil 

nil 

* 

LI 056 

nil 

nil 

nil 

nil 

nil 

1011 

0110 

nil 

* 

L1088 

nil 

nil 

1011 

nil 

nil 

1011 

1011 

nil 

* 

LI 280 

nil 

nil 

nil 

nil 

nil 

0110 

nil 

nil 


L1312 

nil 

nil 

nil 

nil 

nil 

1011 

0111 

1110 

* 

L1344 

nil 

nil 

nil 

1011 

nil 

1011 

1011 

nil 

* 

L1536 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L1568 

nil 

nil 

nil 

nil 

1110 

nil 

nil 

nil 

* 

L1792 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

1011 

* 

L1824 

nil 

nil 

nil 

nil 

nil 

1110 

nil 

nil 

* 


C4A70* 

VOOOl COIOIXOOIOOZZHLHLZZI * 
V0002 CXXXXXOllOOOlLHLHOll * 
V0003 CXXXXXIXIOOZZLHLHZZI * 
V0004 CXXXXXIXOOOLHLHLHLHI * 
015E 


SPECIFICATION 

10/4/82 
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LOGIC DIAGRAM FOR: 
MDRi USING AmPAL16R4A 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 


















PAL DESIGN SPECIFICATION 
KEVIN OW-WING 1-18-83 


PAL16R6 
PAT018 

MICROBRANCH CONTROL 
ADVANCED MICRO DEVICES 

CLK S2 SI SO DRO DRl DR2 INT LDINT GND 
/OE VRO INTEND /OEVEC /OEJMP /OEMAPR /OEMAPl INTFLAG CXV VCC 

;MICROBRANCH EQUATIONS 

/INTFLAG := /INT 

OEMAPl := /S2-“7S1*/S0 + 

/S2* SI* S0*/INTENB + 

/S2* SI* S0*/INTFLAG 

OEMAP2 := /S2*/S1* SO 


OEJMP := /S2* Sl*/SO + 

S2*/Sl*/SO* DRO + 

S2*/S1* DRl + 

S2*/S1* DR2 + 

S2*/S1* SO*/DRO + 

S2* Sl*/SO*/CXV 

OEVEC := /S2* SI* SO* INTFLAG* INTEND + 

S2*/Sl*/SO*/DRO*/DRl*/DR2 + 

S2*/S1* SO* DRO*/DRl*/DR2 + 

S2* Sl*/SO* CXV 


/INTEND ;= LDINT*/VRO 

/LDINT*/INTEND 
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FUNCTION TABLE 

CLK /OE S2 SI SO DR2 DRl DRO INT LDINT VRO CXV 
INTFLAG INTEND OEMAPl OEMAP2 OEJMP OEVEC 

; I 


9 




N 

I 

0 

0 



9 


L 


T 

N 

E 

E 

0 

0 

9 


D 
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T 

M 

M 

E 

E 

;C / 

D D D I 

I V 

c 

L 

E 

A 

A 

J 

V 

;L 0 S S S 

R R R N 

N R 

X 

A 

N 

P 

P 

M 

E 

;K E 2 1 0 

2 1 0 T 

T 0 

V 

G 

B 

1 

2 

P 

C 

;UNCONDTIONAL BRANCH 








C L L L L 

X X X X 

X X 

X 

X 

X 

H 

L 

L 

L 

C L L L H 

X X X X 

X X 

X 

X 

X 

L 

H 

L 

L 

C L L H L 

X X X X 

X X 

X 

X 

X 

L 

L 

H 

L 

;SET INTEND AND INTFLAG 







C L X X X 

X X X H 

H H 

X 

H 

H 

X 

X 

X 

X 

;TEST FOR INTERRUPTS 








C L L H H 

X X X L 

X X 

X 

L 

H 

L 

L 

L 

H 

C L L H H 

X X X H 

H L 

X 

H 

L 

H 

L 

L 

L 

C L L H H 

X X X X 

X X 

X 

X 

X 

H 

L 

L 

L 

;DECREMENT 

COUNTER 

= 0 








C L H L L 

L L L X 

X X 

X 

X 

X 

L 

L 

L 

H 

C L H L L 

L L H X 

X X 

X 

X 

X 

L 

L 

H 

L 

C L H L L 

X H X X 

X X 

X 

X 

X 

L 

L 

H 

L 

C L H L L 

H X X X 

X X 

X 

X 

X 

L 

L 

H 

L 

;DECREMENT 

COUNTER 

= 1 








C L H L H 

L L H X 

X X 

X 

X 

X 

L 

L 

L 

H 

C L H L H 

X X L X 

X X 

X 

X 

X 

L 

L 

H 

L 

C L H L H 

X H H X 

X X 

X 

X 

X 

L 

L 

H 

L 

C L H L H 

H X H X 

X X 

X 

X 

X 

L 

L 

H 

L 

;TEST FOR CONDITIONAL BRANCH 







C L H H L 

X X X X 

X X 

L 

X 

X 

L 

L 

H 

L 

C L H H L 

X X X X 

X X 

H 

X 

X 

L 

L 

L 

H 


DESCRIPTION 

THE MICROBRANCH PAL, AN AMPAL16R6A, IS USED TO CONTROL 
BRANCHING IN THE MICROSEQUENCER. IT OPERATES BY 
SELECTING THE PROPER BRANCH CONDITION (UNCONDITIONAL, 
INTERRUPT, C0UNTER=0, COUNTER=l, CBR FLAG), TESTING THE 
CONDITION, AND THEN ACTIVATING ONE OF FOUR POSSIBLE 
ADDRESS SOURCE OUTPUT ENABLES DEPENDENT UPON THE STATUS 
OF THE CONDITION TESTED. THE SELECT INPUTS ARE FROM 
MICROCODE PROM AND THE OUTPUT ENABLES GENERATED BY THE 
MICROBRANCH PAL ARE ACTUALLY PART OF THE MICROCODE 
PIPELINE REGISTER. 

NOTE ALSO THAT INTERRUPT SYNCHRONIZATION AND CONTROL 
ARE ALSO INTEGRATED INTO THE MICROBRANCH PAL. 
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PAL16R6 PAL DESIGN SPECIFICATION 

PATOIS KEVIN OW-WING 1-18-83 

MICROBRANCH CONTROL 

ADVANCED MICRO DEVICES 

*D9724 

*FO* 


L0256 

1111 

1111 

nil 

nil 

nil 

nil 

1011 

nil 

* 

L0512 

1011 

1011 

1011 

nil 

nil 

nil 

nil 

nil 

* 

L0544 

1011 

0111 

0111 

nil 

nil 

nil 

1110 

nil 

* 

L0576 

1011 

0110 

0111 

nil 

nil 

nil 

nil 

nil 

* 

L0768 

1011 

1011 

0111 

nil 

nil 

nil 

nil 

nil 

* 

L1024 

1011 

0111 

1011 

nil 

nil 

nil 

nil 

nil 

«• 

L1056 

0111 

1011 

1011 

0111 

nil 

nil 

nil 

nil 

* 

L1088 

0111 

1011 

nil 

nil 

0111 

nil 

nil 

nil 

* 

L1120 

0111 

1011 

nil 

nil 

nil 

0111 

nil 

nil 

* 

L1152 

0111 

1011 

0111 

1011 

nil 

nil 

nil 

nil 

«• 

L1184 

0110 

0111 

1011 

nil 

nil 

nil 

nil 

nil 

* 

L1280 

1011 

0101 

0111 

nil 

nil 

nil 

1101 

nil 

«• 

L1312 

0111 

1011 

1011 

1011 

1011 

1011 

nil 

nil 

* 

L1344 

0111 

1011 

0111 

0111 

1011 

1011 

nil 

nil 

* 

L1376 

0101 

0111 

1011 

nil 

nil 

nil 

nil 

nil 

* 

L1536 

1111 

nil 

nil 

nil 

nil 

nil 

nil 

0110 

* 

L1568 

1111 

nil 

nil 

nil 

nil 

nil 

1110 

1011 

* 


C3FEF* 

VOOOl COOOXXXXXOOXXHHHLXXl * 
V0002 COOIXXXXXOOXXHHLHXXI * 
V0003 COIOXXXXXOOXXHLHHXXI * 
V0004 CXXXXXXllOOlHXXXXHXl * 
V0005 COllXXXOXOOXHLHHHLXl * 
V0006 COllXXXllOOOLHHHLHXl * 
V0007 COllXXXXXOOXXHHHLXXl * 
V0008 ClOOOOOXXOOXXLHHHXXl * 
V0009 CIOOIOOXXOOXXHLHHXXI * 
VOOlO CIOOXIXXXOOXXHLHHXXI * 
VOOll CIOOXXIXXOOXXHLHHXXI * 
V0012 ClOllOOXXOOXXLHHHXXl * 
V0013 CIOIOXXXXOOXXHLHHXXI * 
V0014 ClOlllXXXOOXXHLHHXXl * 
V0015 ClOllXlXXOOXXHLHHXXl * 
V0016 CllOXXXXXOOXXHLHHXOl * 
V0017 CllOXXXXXOOXXLHHHXll * 
43CA 
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LOGIC DIAGRAM FOR: 

^BRANCH CONTROL USING AmPAL16R6A 


Columns: Inputs (0-31) 
Rows: Product Terms (0-63) 
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03862A-170 


-tj(- = Fuse intact —(x)— = All fuses intact —|— = Fuse biown 
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Section 6 



Factory Testing of PALs 
Logic Verification for PALs 
PAL Programming 

AMD Programmable Array Logic Reliability 






Factory Testing 
of PALS 

n 


Advanced Micro Devices’ PALs include special test circuitry 
designed to permit thorough AC and DC testing to be accom¬ 
plished on an unprogrammed unit. This test circuitry is used 
to insure good programming yield and to verify that devices 
wiii meet aii parametric and s\witching specifications after 
programming. 

Programming circuitry testing inciudes tests to assure 
unique addressing of aii fuses. To accompiish this, special 
test pads are provided which are accessibie only during 
wafer probing. Using these, Advanced Micro Devices con¬ 
firms that each driver is capabie of sinking sufficient current 
to blow fuses and has appropriate saturation characteristics 
for AC performance. The abiiity of aii circuitry in the program¬ 
ming path to handie the iarge currents and voltages neces¬ 
sary to blow fuses reliably is aiso thoroughly checked. 

Each PAL has special test fuses. These test fuses are blown 
during factory testing and demonstrate beyond reasonable 
doubt that the device is capabie of opening aii fuses when 
programmed by the user. They aiso increase the confidence 
ievei in unique addressing. 

The special probing pads and test fuses are aii empioyed in 
programmabiiitytesting.Thistestingcoupled with AMD’s ex- 
ceilent process controi gives industry leading programming 
yieids (>98%) for aii AMD PALs. 

Speciai test circuitry, enabied by means of high voltage 
signals, checks functionality and DC parameters under 
conditions that simuiate post programming operations. 
Most of the circuitry and levels that can be involved in opera¬ 
tion after programming are checked under worst case condi¬ 
tions. For exampie, ail input buffers are tested for functionali¬ 
ty by switching them through a speciai path to a single output 


and all product term AND-gates are switched and sensed for 
uniqueness and functionaiity. 

The fuses blown during programmabiiity testing aiso permit 
100% AC testing of a critical path in every device prior to 
shipment from the factory. These provide correiatable 
measures of the propagation deiay times that the user can 
expect from his devices after he has placed his own iogic in 
the PAL. 

Because of the iarge percentage of die area devoted to fixed 
logic circuitry, all programmable devices from all manufac¬ 
turers exhibit some percentage of units which faii to function 
to the desired truth table, even though all fuses are correctly 
programmed. AMD’s special test circuits and extensive fac¬ 
tory testing procedures have virtually eliminated this prob¬ 
lem. However, to eliminate the possibility of any potentiai 
failures reaching the assembiy line, the user shouid exercise 
the PAL after programming to insure that it functions correct¬ 
ly. This can be performed on an i/C tester, or on some PAL pro¬ 
grammers, using user defined test vectors or by comparison 
against a known good unit. 

Test vectors are reiatively easy to generate for combinatoriai 
designs using PALs. Sequential function testing is more dif¬ 
ficult. AMD PALs are designed to provide the capability of 
loading the output registers to any desired vaiue during 
testing. This feature, known as PRELOAD, simpiifies func¬ 
tional testing of sequentiai devices. The foiiowing section. 
Logic Verification for PALs, describes PRELOAD in more 
detail and provides some guideiines for developing test 
procedures. 
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Logic Verification 
_ for PALs 

by Brad Kitson 
Advanced Micro Devices 


The purpose of logic verification is to prove that a device 
functions correctly before it is put in a system. A compietely 
reiiabie logic verification procedure should test all logic tran¬ 
sitions of a device, through its normal inputs and outputs, 
and at normal TTL operating levels. This guarantees all parts 
of a device are functionally tested in the same way that they 
will be used in a system. 

BENEFITS OF LOGIC VERIFICATION 

The benefits of logic verification are to provide confidence 
that a device will function in a board. It also reduces produc¬ 
tion test time and cost because less board and system debug 
time is necessary. It is estimated that each succeeding level 
of testing during system production costs up to an order of 
magnitude more than the preceding level. So, should logic 
verification find a faulty device before it is put in a board and 
tested, significant test cost is saved. Should the faulty device 
be found before getting to system test or final on-site in¬ 
stallation check-out, even more is saved. Programmable 
logic can implement functions on-chip that used to be done 


in multiple devices on a board. Thus some board-level testing 
can be done on programmable logic by logic verification, sav¬ 
ing even more testing time and cost. Logic verification can 
also be beneficial during the initial design phase with pro¬ 
grammable logic. The system designer can program a new 
design into a device and perform logic verification to see if 
the device performs the function correctly. 

FUSE VERIFY FOR PROMs 

With PROMs, logic verification is straightforward. A PROM is 
simply a read only memory with fuses as the information 
storage elements. Since the logic function of a PROM is to 
read out stored information at a given address, logic verifica¬ 
tion requires reading out and verifying correct status of the 
fuses at each address, after programming. Therefore, if a 
PROM verifies as correctly programmed, it is logically cor¬ 
rect. Figure 1 shows the block diagram of a PROM. The fuse 
array is addressed by the input decode and is read from the 
outputs. 



Figure 1. PROM 
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FUSE VERIFY FOR PROGRAMMABLE LOGIC 

Fuse verification, however, doesn’t perform iogic verification 
for programmable logic. Programmable logic devices are pro¬ 
grammed and fuse verified like PROMs, but don’t logically 
function like PROMs. Figure 2 shows the block diagram of a 
registered PAL. The input decode of Figure 1 is again present 
as an input to the fuse array, but is enabled for programming 
and fuse verifying only. Instead, additional direct inputs and 
registered feedback inputs of the PAL serve as the logical in¬ 
puts to its fuse array. The logical inputs must be disabled dur¬ 
ing fuse verification thereby losing any logical information 
from the direct inputs and state information from the feed¬ 
back inputs. Therefore, fuse verification only helps prove cor¬ 
rect programming. Figure 3 shows the block diagram of a 
combinatorial PAL. The programmable output enable and 
feedback buffers of this device are also untested during fuse 
verification. Arrows in Figures 2 and 3 denote the untested 
hardware blocks. 

INPUT DON’T CARES 

Figure 4 shows a simple design example utilizing two sepa¬ 
rate state machines. The microprogram for both machines is 


shown in Table 1. If both machines are implemented individu¬ 
ally in SSI/MSI, relatively few don’t care conditions result. 

Table 1 


FSM A 


Current 

State 

Input 

X 

Next 

State 

0 

X 

1 

1 

X 

2 

2 

X 

3 

3 

1 

2 

3 

0 

3 


FSM B 


Current 

State 

Input 

Y 

Next 

State 

0 

X 

1 

1 

X 

3 

2 

1 

1 

2 

0 

3 

3 

X 

2 
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Figure 2. Registered PAL 


Figure 3. Combinatorial PAL 


FSM A 



FSM B 



Figure 4 
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This is because the SSI/MSi used wiil oniy be enough to per¬ 
form the function desired, in contrast, Tabie 2 shows the 
microprogram for the impiementation of the design example 
in a singie PAL Since inputs are present for both machines 
and the PAL is a superset of either function, a large number of 
don’t cares resuit. The point to be made here is that aii don’t 
care conditions must be tested to prove that both machines 
are stiii independent. In the example of Figure 4, to fully test 
FSM A, each state must be tested with every possible state of 
FSM B. Only in this way can one be sure that FSM A is in¬ 
dependent of FSM B. Futhermore, every combination of 
states in FSM A and FSM B must be tested with all permuta¬ 
tions of the input vectors. Table 3 shows the transitions 
necessary to fully test the first line in Table 2, i.e., the transi¬ 
tion of FSM A state 0 to state 1. In general, the implementa¬ 
tion of a logic function in a PAL, or other programmable 
device, will result in many don’t cares since the device will be 
a superset of the function desired. So, one of the main re¬ 
quirements of logic verification is to prove that don’t care 
conditions indeed don’t care. To test all don’t cares, an ex¬ 
haustive list of input vectors is required. Also, in this case, a 
method is needed to repeatedly get into each state to test 
each don’t care. 

PRELOAD 

The capability of Advanced Micro Devices’ PALs to PRE¬ 
LOAD internal feedback registers facilitates logical verifica¬ 
tion for sequential programmable logic. Two complications 
exist when PRELOAD is not available. First, getting into a 
given state to test transitions out of that state becomes 
much more difficult. For example, referring to Figure 4, get¬ 
ting into state 3 of FSM A could require sequencing through 
states 0, 1, and 2. Furthermore, this would have to be 
repeated for each test of state 3. Moreover, to test a state in 
FSM A with a state in FSM B might require a lengthy and 
sometimes impossible sequence until the desired combina¬ 
tion is obtained, i.e., the only way to get into FSM A state 2 
and FSM B state 2 (2,2) from state (0,0) would be to sequence 
through (1,1), (2, 3), (3, 2), and (3, 3). This is a difficult task to 
test just one state transition. With PRELOAD, state (2,2) can^^ 
be entered directly and tested. Second, power-up initializa-' 
tion becomes very difficult to test. Typically, a state machine 
has additional don’t care states that only affect power-up. 
Should any of these don’t care states be entered on power-up 
the machine must be able to exit them to start normal opera¬ 
tions. Without PRELOAD these states can’t be entered and 
tested to see if they can be exited. PRELOAD allows for these 


states to be entered directly and tested. States 0 and 1 of 
FSM A and state 0 of FSM B are examples of don’t care 
states. 


Table 2 


Combined State 



Next State 

FSM 

FSM 

Inputs 

FSM 

FSM 

A 

B 

X 

Y 

A 

B 

0 

X 

X 

X 

1 

X 

1 

X 

X 

X 

2 

X 

2 

X 

X 

X 

3 

X 

3 

X 

1 

X 

2 

X 

3 

X 

0 

X 

3 

X 

X 

0 

X 

X 

X 

1 

X 

1 

X 

X 

X 

3 

X 

2 

X 

1 

X 

1 

X 

2 

X 

0 

X 

3 

X 

3 

X 

X 

X 

2 
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Table 3 


State 

FSM FSM 

A B 

Inputs 

X Y 

Next State 

FSM 

A 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

2 

0 

0 

1 

0 

2 

0 

1 

1 

0 

2 

1 

0 

1 

0 

2 

1 

1 

1 

0 

3 

0 

0 

1 

0 

3 

0 

1 

1 

0 

3 

1 

0 

1 

0 

3 

1 

1 

1 
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PAL Programming 


AMD PALs are manufactured using the high performance 
IMOX oxide isolated process and high reiiability platinum- 
silicide fuses. These technoiogies require the use of specific 
programming equipment which has been designed to ensure 
consistent programming yields in excess of 98%. To main¬ 
tain these extremeiy high programming yieids, AMD subjects 
aii approved PAL programming equipment to a complete 
testing and quaiification procedure which assures the user 
that the programmer wili program AMD PALs reiiabiy. 

The fusing aigorithm, which is described in detaii in the 
reiiabiiity report, is designed to minimize tight toierance re¬ 
quirements on the programming equipment. A chip enabie in¬ 
put is used to gate the fusing current from a programming 
source voitage on the PAL output. The deiivery of fusing cur¬ 
rent is therefore controlied by the switching speed of the in¬ 
ternal PAL circuitry, not by the circuitry in the programmer. 
This shouid minimize the need for constant recalibration of a 
programmer. However, it is recommended that a user’s iog be 
maintained with each machine to collect a record of the 
hours of service use and programming yieid of each iot. The 
programming equipment shouid be caiibrated after every 50 
hours of service or whenever programming yields fall below 
98% with AMD PALs. 


PROGRAMMER APPROVAL CRITERIA 

Fuii details of the required programming parameters, wave¬ 
forms and addressing schemes are provided on each device 
datasheet. Ali AMD PALs, standard, high speed (‘A’ versions) 
and half power {‘L’ versions) use the same aigorithm and can 
be programmed on identicai modules and adapters. 


The minimum requirements for approvai of a programmer by 
AMD are that it 

— Programs and fuse verifies AMD PALs with the appropri¬ 
ate conditions described on the device data sheet and 
provides consistent yieids in excess of 98% 

— Programs the security fuse 

—Can program an AMD PAL after master ioading from 
another manufacturer’s device. 

A desirable feature is the abiiity to perform logical verifica¬ 
tion foliowing fuse verification. This wiii prevent the 
assembly of a PAL having a logical failure, which cannot be 
detected from the fuse array aione, into a system. 

As noted in the section on testing, all AMD PALs have addi¬ 
tional circuitry buiit into the device to aid detection of iogical 
failures at this point. 

Another important feature is the abiiity to generate output in 
the JEDEC industry standard Programmable Logic Data 
Transfer Format. This insures that the equipment will pro¬ 
gram PALs from all suppliers without special modification or 
awkward copying procedures. 

QUALIFIED PROGRAMMING EQUIPMENT 

The list of AMD qualified PAL programmer modeis appears 
below. New programming equipment and vendors are con¬ 
stantly under evaluation. Contact your local AMD Field Ap¬ 
plications Engineer or the factory to determine the approvai 
status of any equipment not iisted here, 

AMD is committed to maintaining continued ciose working 
relationships with the major PAL programmer manufacturers 
so that new programmabie logic devices wili be properly sup¬ 
ported in a timely manner. 


Vendor 

Programmer 

Model(s) 

Data I/O 

10525 Willows Rd. N.E. 
Redmond, WA 98052 

Model-100, 29, 

19, or 17 

Digilec, Inc. 

7335 E. Acoma Dr. 

Dept-103 

Scottsdale, AZ 85260 

Under Development 

Kontron Electronics, Inc. 
630 Price Avenue 

Redwood City, CA 94063 

Model-MPP-80S 
or EPP80 

Stag Microsystems 

Model-PPX (or) 

528-5 Weddel Drive 
Sunnyvale, CA 94086 

ZL30 

Structured Design, Inc. 
1700 Wyatt Drive 

Suite 3 

Santa Clara, CA 95084 

SD-1000 


AMD PAL 
Personality 
Module 


Logicpak 

950-1942-001 


Socket 

Adapter 


715-1947-003 





























AMD Programmable Array 
_ Logic Reliability 

by W. Sievers 
Advanced Micro Devices 


Advanced Micro Devices’ Programmable Array Logic (PAL) 
devices are based on two key technologies with many years 
of high volume production experience behind them. 

1) IMOX—the basic process technology employed is 
IMOX, an advanced ion-implanted, oxide isolated struc¬ 
ture. IMOX provides very high performance devices with 
predictable manufacturing yields, it has accumulated 
many millions of hours of life test history through its 
application to the Am27S series of PROMs and the 
Am2900 family of bipolar microprocessors. 

A comprehensive report on IMOX reliability titled IMOX 
RELIABILITY REPORT (AMD publication #03687A-MPR) 
is available for those interested in a detailed presenta¬ 
tion of this subject. 


2) Platinum-silicide fuses—this fuse structure was origi¬ 
nally developed for use on Advanced Micro Devices’ 
families of junction isolated PROMs. It quickly estab¬ 
lished a new standard of excellence for high program¬ 
ming yields and long term reliability. Several years ago 
it was applied to a new generation of ultra high perform¬ 
ance PROMs based on the IMOX process. 


This combination of IMOX and platinum-silicide fuses has an 
outstanding record of reliability which has been verified 
repeatedly through in-house life testing and by high reliabil¬ 
ity customer qualification testing and system use. 

Advanced Micro Devices’ PALs are fabricated with this same 
combined process technology. Not only Is the technology for 
building PALs and PROMs the same, but also the program¬ 
ming algorithm and programming circuitry used to program 
the platinum-silicide fuses are the same in all characteristics 
of importance. The result is that the fusing conditions seen 
by an AMD PAL fuse are the same as those seen by an AMD 
PROM fuse. 

Due to the common process technology, fuse design and 
fuse programming circuitry design, reliability and program¬ 
ming yield results are expected to be the same for PALs and 
PROMs. Data accumulated to date on PALs appears to con¬ 
firm this expectation. 

This report describes: 

1) The characteristics of the platinum-silicide fuse and pro¬ 
gramming conditions for the fuse. 

2) The dynamic and static burn-in circuits used for HTRB reli¬ 
ability testing. 

3) Reliability results accumulated to date on IMOX PROMs 
and PALs. 


PLATINUM-SILICIDE FUSE 
Fusing Technique 

Advanced Micro Devices’ PAL circuits are designed to use a 
programming algorithm which minimizes the requirements 
on the programmer yet allows the circuit to fuse the platinum- 
silicide links quickly and reliably. 

The sequence of events to program a fuse are: 

1) Vcc power is applied to the chip. 

2) The address of the fuse to be programmed is selected by 
TTL levels on the appropriate address pins. 

3) The outputs are disabled (Pin 1 serves this purpose on 
PALs). 

4) The programming voltage is then applied to one output. 

5) A fuse enable is accomplished by raising an input to a 
level above normal TTL operating voltage. (Pin 11 is used 
for this on PALs.) This action gates the current flow 
through the proper fuse, resulting in an open fuse in a few 
microseconds. 

6) The output programming voltage is lowered and then 
removed. 

7) The device is enabled and clocked if required. The output 
state then indicates whether successful programming 
has occurred. If programming has not occurred a se¬ 
quence of much longer pulses is applied until program¬ 
ming occurs. 

8) The sequence of 2 through 7 is repeated for each bit which 
must be programmed. 

There are several advantages to this technique relative to 
that used by other PAL manufacturers. First, the two high cur¬ 
rent power sources, Vcc ^rid the voltage applied to the out¬ 
put, do not have critical timing requirements. As the fusing 
current is gated through the fuse actively, there is no 
dependence on the rise rate of the programming voltage. A 
fast application of fusing current is desirable for optimum 
fusing. Since the output programming voltage does not have 
to be applied rapidly, breakdown and latchback problems at¬ 
tributed to fast voltage rise times on the output are avoided. 

This programming procedure has a second major advantage. 
If the fuse does not open during the first attempt to blow it, 
longer programming pulses are used. With the platinum-sili¬ 
cide fuse longer programming pulses may be safely applied 
with no danger of developing a reliability problem. The 
algorithm can therefore be designed to minimize the time re¬ 
quired to program by using a fast first pulse to maximize the 
probability that any circuit will program. Then a longer pulse 
can be applied to the occasional fuse that does not open with 
the first short pulse. Most devices do fuse satisfactorily with 
all short pulses. 
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Circuit defects resistant to discovery with pre-programming approximateiy 2V. This vaiue is neariy independent of the ap- 

testing and random marginaiiy wide fuses make it important piied curent. During the period of time the fuse is moiten, the 

to have a material not adversely affected by application of fusecurrent drops very abruptlytozeroindicatingthe separa- 

near DC programming conditions. The platinum-silicide fuse tion of the platinum-silicide into two distinct sections. Scan- 

is such an element. ning Electron Microscope photographs of the resulting fuses 

(Figure 1) indicate that the typical case is a sharp clean 
separation in excess of a micron. This separation occurs in 
the center of the fuse because the “bow-tie” structure 
Fuse Characteristics (Figure 2) concentrates the energy density in the center away 

from the aluminum interconnect lines. The energy density in 
When a fast (less than 500ns rise time) current pulse is the center of the fuse creates temperatures substantially 

appliedtoafuse,thefusevoltagerisesabruptlytoavalueap- greater than those required to melt the silicide. Melted 

preaching the level expected from calculation of the room material is then “wicked” from the center of the fuse to either 

temperature resistance. However, it quickly falls to a value of side due to surface tension. 
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Programmed Fuse 


Unprogrammed Fuse 


Figure 1 



Figure 2. Bow-tie Fuse Design 
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RELIABILITY OF FUSES PROGRAMMED UNDER 
NON-OPTIMAL CONDITIONS 

The marginally opened fuse has been studied at AMD in de¬ 
tail even though it rarely occurs in practice. Under conditions 
where the fuse is purposely blown at much slower rates, it is 
possible for the fuse to assume a high impedance state 
which is sensed as an open fuse by the circuit. This occurs 
when the fuse cools before separation is achieved. Electrical 
and SEM studies of fuses blown under these conditions indi¬ 
cate that a small conductive path of silicon remains of suffi¬ 
ciently high resistance to prevent the power transfer required 
for complete opening on subsequent applications of power. 

Under these slow-blow conditions, sufficient time exists for 
the heat flow to carry a significant amount of energy away 
from the fuse preventing the normal abrupt separation. 

To investigate what might happen if a fuse were subjected to 
these under-blow conditions a large number of fuses were 
deliberately programmed this way at AMD. After over two 
thousand hours of life testing these devices with under¬ 
blown fuses, there have been no failures. It is clear from the 
study that partially blown platinum-silicide fuses are stable 
even though it will rarely occur in a circuit which has been 
programmed under normal conditions. Advanced Micro 
Devices believes that such fuses do not represent a reliability 
hazard based on this study and the results of other studies 
run on PROMs. 

It should be noted that most manufacturers carefully specify 
the conditions under which their devices must deprogrammed 


in order to avoid reliability problems. Reliability data 
available on these devices must be assumed to have been 
generated using optimally programmed devices. 

Advanced Micro Devices believes that the study described 
here and over forty billion fuse hours of data from life testing 
many different production lots of PROMs and PALs demon¬ 
strates the outstanding reliability record of the platinum- 
silicide fuse under a wide variety of conditions. 

Reliability Testing Data 

Data on the reliability of PAL and PROM devices with 
platinum-silicide fuses has been gathered over millions of 
device hours and more than 40 billion fuse hours of testing at 
125°C. This data is shown in Table 1 to project a unit failure at 
60% confidence of 0.0003% per 1000 hours at 70°C. 

The life test circuits used in this work conform to MIL- 
STD-883 Method 1005 conditions C and D and are shown in 
Figure 3. 

SUMMARY 

In high temperature operating life tests (HTOL) to date, PALs 
are exhibiting the same excellent reliability results shown by 
other IMOX and platinum-silicide fuse products. HTOL test¬ 
ing is an ongoing activity with all product lines at AMD. Up¬ 
dates of these results are generated periodically and can be 
obtained through inquiry to the AMD Programmable Logic 
Product directorate. 


Table 1. Bipolar PROM and PAL Reliability Summary 



27S28/29 

27S32/33 


Units 

Tested 

Totai 

Unit Hours 
(thousands) 

Total 

Fuse Hours 
(billions) 

491 

982 

0.251 B 

1321 

2207 

2.260B 

571 

1840 

3.768B 

1870 

1408 

5.767B 


Fuse 

Unit Related 
Failures Failures 


Unit Failure Unit Faiiure 
Rate@60% Rate* @60% 
Confidence Confidence 
%/1000hrs %/1000hrs 

at 125®C at ZO^C 



27S180/181 
(8Kbit PROM) 

12 

463 

926 

7.586B 

0 

0 

0.11 

0.0010 

27S184/185 

IMOX 

(8Kbit PROM) 

15 

556 

1112 

9.109B 

0 

0 

0.09 

0.0008 

27S190/191 

IMOX 

(16Kbit PROM) 

2 

69 

795 

13.025B 

0 

0 

0.12 

0.0011 

20-pin 

IMOX 

PALs 

10 

976 

700 

1.434B 

0 

0 

0.13 

0.0012 

Totals 
for PALs 
and PROMs 

95 

6317 

9970 

43.200B 

2“ 

0 

0.031 

0.0003 

'Assuming on activation energy of 1.0 eV. 
"Oxide failure. 
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Iltllllll! 



EIGHT 

R2 resistors 


Vcc = 5V min 
R 2 = 200fi 
CLKo = 100KHz 

@50% duty cycle 
CLKn + i = 1/2 freq of CLK^ 



Vcc = 5V min 
Ri = 1K0 
R 2 = 2000 


(a) 20-Pin Dynamic Burn-In 
IVIIL-STD-883-B Condition D 


(b) 20-Pin Static Burn-In 

MIL-STD-883-B Condition C 



TEN 

Rz RESISTORS 


Vqq = 5V min 
Ri = 1K0 



TEN 

Rz RESISTORS 


Vqq = 5V min 
R 2 = 2000 
CLKo = 100KHz 
CLKp ^.1 = 1/2 freq of CLKp 


(c) 24-Pin Static Burn-In 

MIL-STD-883-B Condition C 


(d) 24-Pin Dynamic Burn-In 
IVIIL-STD-883-B Condition D 


Figure 3. Life Test Circuits for AMD PALs 
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Ordering Information 
AMD Sales Offices 





ORDERING INFORMATION 

AmPAL XXXXX X XXX 


Basic Device 


Screening 

* = Standard Process Flow 
B = Burn-In 


Speed/Power Selection - 

= Standard Speed/Standard Power 
A = High Speed/Standard Power 
L = Standard Speed/Half Power 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 


Operating Range 

C = Commercial 
M = Military 

Package 

P = Molded DIP (Plastic) 

D = Hermetic DIP (Cerdip) 
L = Chip-Pak™ (LCC) 


•A blank in this position of the ordering code indicates the part has been screened to standard process flow. 


Device Listing 


Ordering Part # 


AmPAL16H8 

AmPAL16H8A 

AmPAL16H8L 

AmPAL16HD8 

AmPAL16HD8A 

AmPAL16HD8L 

AmPAL16L8 

AmPAL16L8A 

AmPAL16L8L 

AmPAL16LD8 

AmPAL16LD8A 


Package/Operating Range 
Combinations Available 


DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 


Ordering Part # 


AmPAL16LD8L 

AmPAL16R4 

AmPAL16R4A 

AmPAL16R4L 

AmPAL16R6 

AmPAL16R6A 

AmPAL16R6L 

AmPAL16R8 

AmPAL16R8A 

AmPAL16R8L 

AmPAL22V10 


Package/Operating Range 
Combinations Available 


DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
DC, DM, LC, LM, PC 
In Development 















U.S. AND CANADIAN SALES OFFICES 


SOUTHWEST AREA 

Advanced Micro Devices 

360 N, Sepuiveda, Suite 2075 
Ei Segundo, Caiitornia 90245 
Tel: (213)640-3210 

Advanced Micro Devices 
10050 N. 25th Street 
Suite 235 

Phoenix, Arizona 85021 
Tel: (602)242-4400 

Advanced Micro Devices 

4000 MacArthur Boulevard 
Suite 5000 

Newport Beach, California 92660 
Tel: (714)752-6262 

Advanced Micro Devices 

5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213) 992-4155 

Advanced Micro Devices 

9455 Ridgehaven Court 
Suite 230 

San Diego, California 92123 
Tel: (619)560-7030 


NORTHWEST AREA 

Advanced Micro Devices 

2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408)727-1300 

Advanced Micro Devices 

1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel: (303)691-5100 


NORTHWEST AREA (Cont.) 

Advanced Micro Devices 

One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 
Tel: (503)245-0080 

Advanced Micro Devices 

Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 

Bellevue, Washington 98004 
Tel: (206)455-3600 


MID-AMERICA AREA 

Advanced Micro Devices 

500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312)773-4422 

Advanced Micro Devices 

9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612)938-0001 

Advanced Micro Devices 

3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614)891-6455 

Advanced Micro Devices 

8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512)346-7830 

Advanced Micro Devices 

6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 
Tel: (214)934-9099 


MID-ATLANTIC AREA 

Advanced Micro Devices 

40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516)364-8020 

Advanced Micro Devices 

290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315)457-5400 

Advanced Micro Devices 

2 Kilmer Road 

Edison, New Jersey 08817 

Tel: (201)985-6800 

Advanced Micro Devices 

107 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: (215)441-8210 
TWX: 510-665-7572 

Advanced Micro Devices 

205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914)471-8180 
TWX: 510-248-4219 

NORTHEAST AREA 

Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617)273-3970 

Advanced Micro Devices (Canada) Ltd. 

2 Sheppard Avenue East 
Suite 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416)224-5193 


SOUTHEAST AREA 

Advanced Micro Devices 

Parkway Center 
One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 
Tel: (301)796-9310 

Advanced Micro Devices 

7850 Ulmerton Road, Suite 1A 
Largo, Florida 33541 
Tel: (813)535-9811 

Advanced Micro Devices 

4740 North State Road #7 
Suite 102 

Ft. Lauderdale, Florida 33319 
Tel: (305)484-8600 

Advanced Micro Devices 

6755 Peachtree Industrial Boulevard 
Suite 104 

Atlanta, Georgia 30360 
Tel: (404)449-7920 

Advanced Micro Devices 

8 Woodlawn Green, Suite 220 
Woodlawn Road 
Charlotte, North Carolina 28210 
Tel: (704)525-1875 


INTERNATIONAL SALES OFFICES 


BELGIUM 

Advanced Micro Devices 

Overseas Corporation 
Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 
Tel: (02)771 99 93 
TELEX: 61028 

FRANCE 

Advanced Micro Devices, S.A. 

Silic 314, Immeuble Helsinki 
74, rue d’Arcueil 
F-94588 Rungis Cedex 
T6I: (01)687.36.66 
TELEX: 202053 


GERMANY 

Advanced Micro Devices GmbH 

RosenheimerStr. 139 
D-8000 Muenchen 80 
Tel: (089)4019 76 
TELEX: 05-23883 

Advanced Micro Devices GmbH 

Harthaeuser Hauptstrasse 4 
D-7024 Filderstadt 3 
Tel: (07158)30 60 
TELEX: 07-21211 

Advanced Micro Devices GmbH 
Zur Worth 6 
D-3108 Winsen/Aller 
Tel: (05143)53 62 
TELEX: 925287 


HONG KONG 
Advanced Micro Devices 

1303 World Commerce Centre 
Harbour City 
11 Canton Road 
Tsimshatsui, Kowloon 
Tel: (852)3 695377 
TELEX: 50426 
FAX: (852)123 4276 

ITALY 

Advanced Micro Devices S.r.L. 

Centro Direzionale 
Palazzo Vasari, 3° Piano 
1-20090 MI2 - Segrate (Ml) 

Tel: (02)215 4913-4-5 
TELEX: 315286 

JAPAN 

Advanced Micro Devices, K.K. 

Dai 3 Hoya Building 
8-17, Kamitakaido 1 chome 
Suginami-ku, Tokyo 168 
Tel: (03)329-2751 
TELEX: 2324064 
FAX: (03)326 0262 


SWEDEN 

Advanced Micro Devices AB 
Box 7013 

S-172 07 Sundbyberg 
Tel: (08)98 12 35 
TELEX: 11602 

UNITED KINGDOM 

Advanced Micro Devices (U.K.) Ltd. 

A.M.D. House, 

Goldsworth Road, 

Woking, 

Surrey GU21 1JT 

Tel: Woking (04862) 22121 

TELEX: 859103 


Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 
around the world. For a sales agent nearest you, call one of the AMD offices above. 


7-2 



















ADVANCED 
MICRO 
DEVICES, INC. 

901 Thompson Place 
P.O.Box 3453 
Sunnyvale, 
California 94088 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 
(800)538-8450 
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